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1. INTRODUCTION

This work is a study of vertebrate speciation on a continent.
It seeks to understand the nature of the various forces operative
in Australia, including the barriers breaking up distribution
and leading to the isolation and divergence of populations. A
(uantitative approach is used to determine the number of new
species currently evolving and the ‘‘potential’’ of the continent
for producing further species.

Our basiec knowledge of the speciation process has been
derived from the study of the faunas of archipelagos and the
many striking illustrations to be found there provide the classic
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examples. Continents, lacking the more bizarre intermediate
forms and obvious distributional barriers (e.g. areas of sea),
present a much less convineing case for geographic speciation.
Thus, notwithstanding various fine studies, one school (Gold-
schmidt, 1940, p. 183) categorically denies that the infraspecific
variation that is such a feature of continental populations can
be an intermediate step in the formation of new species. Such
variation, it is maintained, is ‘““dead end’’ and of a purely local
adaptive nature. A large number of clear-cut examples of con-
tinental speciation and the circumstances surrounding them are
detailed here and explained. In order, moreover, to arrive at a
quantitative comparison of the potential of archipelago and
continent for giving rise to new species, the number of morpho-
logically differentiated, isolated forms in Australia and an
archipelago area of equivalent size are caleulated.

It is now generally accepted that the successive steps lead-
ing to the ecompletion of speciation are as follows:

(a) Part of an individually variable population becomes
spatially isolated from the parental stock.

(b) Under eonditions of isolation it diverges genetically, eco-
logically, physiologically, and morphologically.

(¢) The differences become increasingly great.

(d) Finally, the isolates become so different from each other
that they can no longer successfully interbreed, ie. they are
reproductively isolated. The ultimate proof of this, of course, is
only forthecoming in those cases when, under natural conditions,
the two forms secondarily come together and do not interbreed.

Mayr (1950a) has listed some of the proofs for geographical
speciation as follows: (a) the occurrence of geographic varia-
tion in species characters; (b) the existence of borderline cases
between subspecics and speeies; and (¢) ‘‘circular overlaps,”
that is, cases where the end members of a chain of interfertile
races meet and do not interbreed. Recently completed speciation
is indicated by examples of: (a) double invasions, (b) super-
species, (¢) marginal overlaps of closely similar species without
interbreeding, Of particular significance also is the oceurrence
of allopatric hybridization, the result of a premature reuniting
of differentiating isolates (i.e. before specific distinctness has
been reached).

The approach in the present instance is to investigate the
occurrence of intermediate stages in the speciation process and
their frequency, and to seek and detail cases of the important
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associated phenomena. Kach species has been studied to deter-
mine if it is monotypice or if geographic variation (eclinal or in
association with isolation) oeeurs. Isolates are graded accord-
ing to the degree of their differentiation, and the total nmumber
for each speecies, family, and ecological subdivision calculated.
The significance of various aspects of species ecology on varia-
tion and speciation, in particular the vegetation formation
(habitat) oceupied and nature of seasonal movements, is treated
in detail.

Four hundred and twenty-five of the 531 breeding land and
freshwater bird species and semi-species oceurring in Australia
(80 per cent of the total) are included in the present study.

II. MATERIALS AND METHODS

The present work was initiated in the period 1953-1955, when
the writer was a Fulbright scholar at Harvard University. The
basic material is from two sources: (a) systematic studies by the
anthor (245 species) and, (b) recent taxonomic reviews, ie.
by workers using the ‘‘new systematies’’ (180 species). The
bulk of the writer’s work was carried out on the bird collections
of the American Museum of Natural History, New York, which
are easily the world’s most comprehensive for the Australian
and Pacific regions. They now include the Rothschild Collec-
tions and the -bulk of the Mathews types, as well as much
recent material from Queensland (J. IHenry) and Western
Australia (K. Buller). Other U.S. collections examined were
the Gould Collection in the Philadelphia Academy of Sciences,
the Arnhem Land Collection (M. G. Deignan) in the U.S.
National Museum, and recent Queensland collections (by K.
Stager) in the Los Angeles County Museum. ollowing the
writer’s return to Australia, material in the Australian Museum,
Syduney (including recent collections made by the author in
New South Wales, central and northern Australia), National
Museum of Vietoria, Melbourne, and South Australian Museum,
Adelaide, was incorporated into the study.

In the studies of geographic variation, standard taxonomic
methods have been used (see author’s various papers), in all
cases the emphasis being on the population, not the individual.

Published taxonomic data used in the work were obtained
from the following sources: families Podicipitidae (Mayr 1943) ;
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Accipitridae, Falconidae, and Pandionidae (Amadon, 1941 ; Con-
don, 1951a; Condon and Amadon, 1954) ; Ardeidae and Threskor-
nithidae (Mayr, 1943; 1945b; and Amadon, 1942; Amadon and
Woolfenden, 1952) ; Anatidae (Mayr and Camras, 1938; Mayr,
1940a, 1945b; Amadon, 1943; Amadon and Woolfenden, 1952;
Ripley, 1942) ; Rallidae (Peters, 1934; Mayr, 1949) ; Psittacidac
(Condon, 1941; Mayr, 1951; Cain, 1955); Sittidae (McGill,
1948; Mayr, 1950h) ; Cractieidae (Amadon, 1951); Grallinidae
(Amadon, 1950a); I’tilonorhynchidae (Mayr and Jennings,
1952); and the following genera: Geopelia and Lophophaps
(Mayr, 1951) in the Columbidae; Acrocephalus (Mayr, 1948) in
the Silviidae; Paehyeephala (Mayr, 1954a); Faleunculus and
Oreoica (Mayr, 1953a, b); Orthonyse (Mack, 1934a) ; Gerygone
(Meise, 1931) ; Malurus (Maek, 1934b; Serventy, 1951); Seri-
cornis (Mayr, 1937; Mayr and Wolk, 1953) ; Aeanthiza (Maek,
1936 ; Mayr and Serventy, 19338) in the Muscicapidae; and Zos-
tevops lutea (Mees, 1957) in the Zosteropidae.

In addition, the general study by Condon (1951b) on the
birds of South Australia eontains much basie taxonomic in-
formation.

Detailed studies of geographic variation were carried out by
the author on the following: the families Turnicidae, Pediono-
midae, Colummbidae, Aleedinidae, Menuridae, Atrichornithidae,
Campephagidae, Artamidae, Meliphagidae, Zosteropidae, Dieaei-
dae, Oriolidae, the subfamilies Estrildinae (Ploceidae) and
Muscicapinae (Muscicapidae); and the genera Megalurus
(Silviidae), Climaeteris (Sittidae), Orthonyr, Sphenostoma,
Drymodes, Psophodes (Cinelosomatini, Museicapidae), and
Epthianura, Ashbyia, Smierornis, Aphclocephala, I ylacola,
Calamanthus, Cthoutcola, Origma, Pycnoptilus, Cinclorhamphus,
Amytornis, Dasyornis, and Stipiturus (Malurini, Museieapi-
dae). The majority of these studies have now appeared, or will
later appear, as scparate papers. Those so far published are:
Oriolidae and Megalurus (Keast 1956a, b); Aphecloecphala.
Dasyornis, Stipiturus, Aleedinidae, Climaeteris (Keast 1957a-e) ;
Muscicapinae, dmytornis, Epthianura and Ashbyia, Dicacum,
Artamidae, Estrildinae, Psophodes, Simicrornis, (ampephagidae
(Keast 1958a-i).

A marked advantage of using birds for studies in speciation
is that there is a great amount of data on distribution, habitat
and general ecology available in the literature. This applies
equally well in Australia. Included in the standard works con-
sulted in the present study ave: North, 4 vols. (1901-1914),
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Mathews, 12 vols. (1910-1927), Serventy and Whittell (1951),
Mayr (1941, 1944a, 1945a), and the periodicals, The Ewu, and
South Austvalian Oruithologist, now in their 58th and 44th year
of publication, respectively. Field workers in various parts of
Australia have kindly made supplementary material available.
In addition, the writer has had the advantage of having worked
on the birds of eastern Australia over a number of years and
to have made field trips as follows: eentral Queensland (1950,
1951), Bass Strait islands (1951), Kimberleys, coastal Northern
Territory, and north Queensland (1952), Victoria (1951, 1935),
central Australia (1952, 1958), southeastern South Australia
(1958), western New South Wales, including the mallee regions
(1956-1959), southwestern Australia and the Barlee Range
(midwestern Australia) (1959). Besides aequiring taxonomic
material, this has made it possible to cheek distributional limits,
degree of attachment to habitat, aspects of seasonal movements,
and to look at certain contact and hybrid zones.

Information on the Australian continent as an environment
has been drawn from various official and other sources. 1n the
case of the map showing former connections between Australia,
New Guninea, and Tasmania, the 150 and 300 ft. isobaths arve
caleulated from the sea depths shown on the Australian sheet
of Carte Geuerale Bathymetriqie des Oceans, 3rd Edition, 1942,
Monaco. The map showing the limits of the Australian and
Asian continent shelves is adopted from that in Mayr (1945¢).
Physiographic data ave primarily from the 1942 Orographical
Map of Australia by H. N. Warren, and Hills (1949). Data
on temperature, rainfall, and associated factors, are from vari-
ous ofticial maps (undated), the Climatological Atlas issued by
the Commonwealth Meteorologist (also undated), Leeper
(1949), and the recently published Atlas of Australian Re-
sourees, Department of National Development, 1951-1955. The
climatic map is based on the chart of Dr. J. Gentilli (undated).
Other c¢limatic maps, more precise and detailed, are to be found
in Andrewartha and Birch (1954) and in the Atlas of Au-
stralian Resources, cited above. The maps of vegetation forma-
tions and soils are simplifications of those of Prescott (1931)
and Wood (1949). Information as to Dleistocene and post-
Pleistocene climates and vegetation ehanges is from Browne
(1945), Crocker and Wood (1947), Gentilli (1949), David
(1950), Fairbridge (1953), Crocker (1959a), and Wood (1959).
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III. DEFINITIONS AND TERMINOLOGY

Ifor the purposes of the present study it has been necessary
to depart somewhat from the terminology normally used by
taxonowmists. This applies partieularly to the dropping of the
term ‘‘subspecies’’ or ‘‘raee’” which, as used, simply means a
morphologically differentiated population and tells nothing of
evolutionary potential. The emphasis here is on isolation and
hence the term ‘‘isolate’’ is used. Where subspecies names
come into the text, it is as a ready means of referring to a
form that already bears a mame in the literature.

Species: The modern biological definition for the species is
followed, tlie criterion being veproduetive isolation. Care is
taken to draw attention to, and view somewhat differently, those
species that are members of superspeeies (i.e. that are allopatrice
representatives), and that fall into the category of ‘‘semi-
speeies’” (see Mayr, 1942). The latter are the distinctive isolates
of uncertain genetie status that the taxonomist may call speeies
because they have reaehed a signifieant stage of morphological
differentiation and for the sake of expediency.

Isolate: This is a population or populations isolated from
the main stoek by a geographie barrier so that interbreeding is
prevented. Isolates may be undifferentiated, slightly differenti-
ated, moderately or well differentiated, the last-named being
forms in which speciation is well advanced.

In caleulations of the nnmber of morphologically differentiated
isolates one stock is set aside as the ‘‘parent’ from which the
isolates are diverging. For the sake of consisteney, in eompari-
sons between continent and archipelago, in those speeies that
range through both, one form in each is set aside as *‘parental.”’

Species that do not vary geographically, or have only eclinal
variation, do not, of counrse, have isolates.

Population: This is used as an inexact term to mean simply
the members of a species inhabiting a restricted area. It is
credited with the morphologieal characteristics of a series of
adult speeimens from that area.

Morphological characters: Those used are variation in colour-
ation and colour-pattern, the dimensions of the appendages
(wing length [a good eriterion of over-all size in birds], bill
length, tail length) and, sometimes, the ratios of the length of
one appendage relative to another. The term ‘‘morphological’’
is used to stress the faet that it is the variation visible in the
preserved specimen that is being considered.
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Hybrid zones: These are characterized by the presence of
very variable populations, with extreme types, as well as a range
of genetic recombinants being present. Most are narrow but in
some cases a rather broad zone of intergradation occurs.

Hybrid zones mark the breakdown of a former barrier and the
reunion of isolates that had reached a marked degree of mor-
phological differentiation. A minor amelioration of climate in
Australia, and in some cases human interference with habitat,
is enabling various species to extend their range at the present
time. Only a minority of them, however, have as yet contaected
their geographic counterparts to form hybrid zones or zones of
overlap.

Stepped clines: The presence of a “‘step’ in a cline is
evidence of former isolation and there are good examples of
this phenomenon in a few Australian bird species, e.g. Pachy-
cephala pectoralis (Mayr, 1954a). Minor zones of intergrada-
tion that may not, or do not, indicate secondary junction (note
also the remarks of Miller, 1955) are discussed separately.

Continnous clines, though they may involve peripherally
adapted forms that could diverge rapidly if isolated, do uot
form a stage in the speciation process. llence they receive only
passing attention.

Barrier: This is an area within, or at the edge of, the range
of a species where it cannot thrive because of its innate ecologi-
cal limitations. The term is used here strictly as a geographic
or spatial concept.

The well defined distributional barriers, especially those that
have given rise to distinetive isolates, are the critical ones here.

Habitat: This term is used in a broad sense to mean the
basic vegetation formation oceupied by a species.

About ten vegetation formations are of major importance to
Australian birds: rain forest (under which may Dbe included
monsoon or psendo-rain forest), sclerophyll forest, savannah
woodland, savannah grassland, mulga, mallee, desert (spinifex)
grassland, gibber desert, mangroves, and swamps and rivers.
The majority of bird species occur in only one, or are ¢common
in only one, of these formations, sometimes being restricted to a
specialized sector, association or sub-association within it (e.g.
plateau-top heathland within the eastern sclerophyll sector).
ITabitat specificity is discussed in Seetion VI,

The significance of the vegetation formation in bird distribu-
tion and speciation lies, of course, in the fact that it represents
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a zone of relative physical and biological constancy. It is to
these grouped factors that species have adapted and specialised
during their development. ‘‘Habitat’’ is as valid a species
character as morphological or genetic criteria, in most cases.

Refuge: This term refers to fertile or semi-fertile areas,
mostly mountainous or hilly sections, in which plants and ani-
mals have been able to persist during arid periods.

Australia is currently in an arid phase, with marked aridity
stemming from the early Recent. The rain forest, sclerophyll
forest, and savannah woodland areas of the continent are today
broken up into a disconnected series of peripheral segments,
some of vast extent. Use of the term ‘‘refuge area’’ should not
carry the inference that species ‘‘retreated’ into them with
the onset of aridity, but that only the stocks inhabiting those
areas were able to survive.

Sedentary or resident species: This refers to a species the
members of which do not undertake seasonal movements but, as
adults at any rate, spend the year in the general vicinity of their
breeding territories. There is a minimum intermixture of indi-
viduals from the different parts of the species range in this group.

Migratory species: This term is used for species that have a
south-north migration and regular breeding areas. They are
typically inhabitants of the better watered coastal forests where
conditions are uniformly good. Examples: Coracina novaehaol-
landiae (castern Australia) and Artamus cyanopterus.

Nomadic species: This term denotes those species that: (a)
undertake extensive group movements of irregular amplitude and
direction and, (b) breed wherever conditions happen to be snit-
able, e.g. Epthianura tricolor and Histriophaps histrionica. (See
also Seetion V).

Nomenelature: That of Mayr and Amadon (1951) is followed
in the present work. The speeies order is that of the 1926 Check-
list of the Royal Australian Ornithologists Union.

IV. THE AUSTRALIAN CONTINENT AS A BIOTIC
ENVIRONMENT.

The Anstralian continent has a land area of 2,984,000 square
miles, about three-quarters of that of Eunrope (ineluding Eu-
ropean Russia). 1t is approximately the same size as the United
States and is some twenty-five times the land area of the British
Istes. It has been a stable land mass for a eonsiderable portion
of its geological history and Archaean rocks outcrop over an
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extensive area.

Australia differs from the other continents in various ways
mecluding :

(a) Spatial isolation from other large land masses (Ifigs. 1,

130° 1eo’
T T

ASIA

CONTINENTAL
SHELVES

AUSTRALIA

4 Il
730" T

Fig. 1. Australia in relation to Asia, and showing limits of continental
shelves (100 fathoms or 600 foot line). The dashes indicate Wallace’s Line
(original), the dots Weber’s Line, and the continuous line the western
limits of the Australo-Papuan continental fauna.

At the height of Pleistocene glaciation the sea level only fell 300 feet.
The cross-hatched aveas nevertheless correspond fairly well with the extent
of land at that time. (Figure modified from that in Mayr, 1945¢).

2).
(b) General flatness, mountain barriers to dispersal being
virtually nonexistent (Fig. 3).
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(¢) Absence of areas of extreme cold, the winter snowbelt
amounting to only a few hundred square miles. There are no
permanent glaciers or snowfields. The over-all climate varies from
subtropical to cold temperate. The mean annual temperatures

“T Celebes /]

Solomon
g Telands

"
#New Caledonia

g Norfolk Is.

W Lord Howe Is.

NEW
ZEALAND

SEA LEVELS

LESS THAN 150 f+
" = 300

TASMANIA

Fig, 2. Australia in relation to the islands to the north and east. The
stippled areas indicate the land extensions that would follow a 150 foot
drop in sea level, and the dashes show the 300 foot line. Tasmania and New
Guinea were twice conneeted with Aunstralia during the Pleistocene when
the sea level fell 300 feet.

Deep water isolates Timor, New Zealand, and the islands to the east and
separates New Britain from New Guinea.

range from over 80°F. in the tropical north down to 45°F. in
the highlands of the south. Daily minimum temperatures for
July (eoldest month) are 60-70° and 30-45°F. respectively, and
datly maximum temperatures for January (hottest month) are
85-90° and 60-65°L'., respectively.

(d) Generalized aridity. Agriculturists classify Australia as
heing only one-third fertile, with the remaining thirds semi-arid
and arid, respectively. Rainfall (Iig. 4) is the all-important
factor governing the distribution of life in Australia.
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(e) The arrangement of the basic vegetation formations (which
form the bird habitats) into broad parallel, north-south (mostly),
or east-west zones (IMg. 5). The altitudinal zonation of plants
and birds that is such a feature of the Rockies and other high
mountain regions of the world is virtually absent in flat Australia.

Fig. 3. Physiographic map of Australia. The continent is relatively flat.
Mountains are not, per se, significant barriers to avian distribution. Their
control of distribution, by way of rainfall and vegetation, however, is pro-
found.

The dotted line indicates drainage patterns. (Map redrawn from that of
Hills, 1949).

Physiography, Climate and Vegetation

Physiography: The continent falls into three physical sub-
divisions (Fig. 3): the Great Plateau or Archaean Shicld that
covers the western half of the continent, the (‘entral Basin, and
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the Kastern Iighlands (1ills, 1949; David, 1950). The back-
bone of the last-named is the Great Divide, the range that extends
southwards down the full length of the east coast, thence to
Tasmania and westwards to central Vietoria. Tt is by far the
most significant physiographic feature on the Australian con-
tinent and not only influences climate and vegetation over a wide

RAINFALL R
AVERAGE

Pig. 4. Rainfall of Australia (average annual figure in inches). The
pattern is one of concentric zones of increasing rainfall outwards from an
arid central arvea. The desert extends to the coast in the south and west.
The eastern, southeastern, sonthwestern seetions, and a small area in the
north, are fertile.

(Map adapted and simplified from that in the Atlas of Australian re-
sourees — Rainfall; Published by the Department of National Develop-

ment, 1952,

area but permits a richness and diversity in the flora and fauna
that wonld otherwise he impossible. Nevertheless, only relatively
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restrieted parts of it exceed 4000 feet in height and the highest
peak in Australia, Mount Koscinsko in the southeastern seetion,
is a mere 7,300 feet in height.

ITere and there over the surface of the continent, elevated
areas, residual masses, and dissected plateaux take the form of
mountain ranges. Amongst the most interesting of these from the
faunistic viewpoint are the Mount Lofty and I'linders Ranges in
South Australia, the Maedonnelis and other ranges in central
Aunstralia, the Darling Scarp and Stirling Ranges in the south-

EB Humid K Semi-arid (/] S
ER Sub-humid [J Arid

CLIMATE

Fig. 4a. A simplified climatie map of Australia. Derived by J. Gentilli
(Thornthwaite formula).

west, ITamersley Ranges and the Kimberley distriet in the north-
west of the continent (Fig. 3). Though typically these do not rise
more than a couple of thausand feet above the surrounding plain
they have a marked local influence on rainfall and vegetation and
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permit the existence of various forms of life that would otherwise
be impossible.

Rainfall: The rainfall patterns of Australia will be seen from
the map of average rainfall (I"ig. 4). The isohyets take the form
of econcentric zones of increasing rainfall extending outwards
from an arid interior. The transition is particularly well defined
in the east where the belts extend from north to south parallel
with the eoast. In places, tongues of dry country extend through
from the interior to the coast, breaking up the more fertile
country into sectors.

VEGETATION #

Mangrove

7 ;7] Gibber desert [ | Desert grassland (spin) g
Mulga scrub Savannah grassland 0
7] Grass steppe  [E=] Savannah woodland

BR wallee Sclerophyll forest

[F44] High moor PRE Rain forest

Fig. 5. Major vegetation formations of Australia, simplified from Pres-
cott (1944) and Wood (1949). For explanatory notes see Table 1. There
is a close relationship between the distribution of bird species and that of
the major vegetation formations, with gaps in the formations acting as
isolating barriers. M = mangroves; P =— pseudo-rainforest (riverside).

Two main systems operate to produce the Australian rainfall,
a winter one that moves up over the southern part of the con-
tinent (the ‘‘ Antarctic System’’) and a swmmer one (the ‘“‘Trop-
ical System’’) that hrings monsoonal rains to the north of the
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continent. The north of the continent has a wet summer
and a dry winter, whilst in the south the reverse is the case.
Since, however, the summer is hot in the north the rainfall
there is less cffective and the over-all elimate is dry. The
Eastern Ilighlands ensure that the east and southeast of the
continent benefit both from the summer and winter systems
and have a comparatively even rainfall. The central regions of
the continent are towards the limits of penetration of both
systems, either or both of which may fail. The 10-inch line in
the south and 15-inch zone in the north outline the limits of the
desert.

Other facets of rainfall in Australia are its unreliability over
large sections and the high rate of evaporation, factors greatly
influencing plant growth. The irregularity of the rainfall in
the interior explains the high proportion of nomads in the avi-
fauna there.

The climatic zones in Australia (I'ig. 4a) reflect the rainfall
picture.

Vegetation: The basic vegetation zones occurring on the Au-
stralian continent and a summary of their characteristics, are set
out in Table 1. The approximate area of the continent covered by
each (author’s caleulations) is given in Table 2. The close link
between rainfall and the distribution of the basic vegetation
formations in Australia will be seen from a eomparison of Figures
4 and 5.

Rain forest is restricted to the eastern seaboard and is broken
up into pockets. Seclerophyll forest, eastern and southern in dis-
tribution is also largely restricted to the coastal regions and is
discontinuous.

Savannah woodlands occur as broad tracts across the north
and down the east of the continent (mainly).

Savannah grasslands, mulga, and spinifex desert (desert grass-
land) are the semi-arid to arid eountry formations. They occur
as broad and continunous zones with the latter two occupying the
central areas.

Mallee, a stunted but floristically diverse formation, occurs in
broad southeastern and western tracts (with some discontinuity)
in the dry southern inland of the continent.

Mangroves extend practically right around the Australian con-
tinent but the rich and diverse tracts that support specialized
mangrove bird species are restricted to the northernmost two-
thirds. The swamps and marshes (not shown because of their
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relatively small extent) and rivers (homes of the water-birds) are
developed to by far the greatest extent in the bhetter watered
southeast of the continent (Vietoria and New South Wales).
Even so, a good proportion of them are temporary.

SOILS

., Grey and brown soils
€27} Stony deserts heavy texture
— | Tablelands and ranges [y Mallee soils and sanchills
— Desert sanchills and Podsols, red loams, etc.

sandplains
] Low country, deltaic 77} Red brown earths and terra rossas
Desert loams {//7) Rendzinas and black earths 2

A Broun sails of BBR Hioh moor peat
light texture

Fig. 6. The soils of Australia. Map is a simplified version of that of
Prescott (1944), reproduced by Taylor (1949). Definitions of soil types
are given by R. Crocker (see Keast, 1959a).

Physiography, rainfall, and soils, control the distribution of vegetation.

Soils: The major soil types oceurring in Australia will be seen
in Figure 6. The charaeteristics of these have been summarized
by Crocker (in Keast, 1959a). Attention to the fact that the
zonal soil groups in Australia follow a pattern somewhat similar
to rainfall has been directed by Wood (1959). Again, there is a
broad, but not absolute, zonal sequence and correspondenee be-
tween soil type and vegetation.

Soil history in Australia, and its influence on bird distribution,
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through the vegetation, will be diseussed in Section XT.
Spatial Relationship of Nustralia to other Land Masses

The distance between Australia and the nearest point of the
Asiatic mainland today exceeds 2000 wmiles. This isolation dates
back to the beginning of the Tertiary, a period of some 50,000,000
years.

The limits of the Australian and Asian continental shelves (100
fathom or 600 foot line) will be seen on Figure 1. The former,
it will be noted, extends out for only a short distance but the
latter includes Borneo and Java, over one-third of the distance
towards Australia. During the Dleistocene emergence the sea-
level is believed to have twice fallen some 250-300 feet, and it is
obvious that the Asian countinent must have extended a consider-
able distance towards Ausiralia. Nonetheless, the faunistic dif-
ferences hetween the two countinents have been preserved. This
underlies the significance of the intermediate deep-water gap, the
islands within which have been highly unstable geologically.
These islands, moreover, are ‘‘ecologically impoverished’’ and
apparently only capable of supporting a somewhat limited num-
ber of bird species. On these grounds also they represent a ““dis-
tributional bottleneck.”” A disenssion of Wallace’s Line is beyond
the scope of the present paper. Several recent authors have,
however, reviewed its zoogeographie significance; these include
Serivenor et al. (1943), Mayr (1945¢), and Darlington (1957).

The islands adjacent to the Ausfralian continent and their
history are as follows:

Timor: This lies some 350 miles to the northwest of Australia,
a gap that was narrowed to perhaps 50-70 miles at the height of
the Pleistocene emergence. As will be seen from Figure 1, how-
ever, {here is a narrow tract of deep water immediately to the
cast of Timor. The avifauna of Timor is a blend of species of
western and eastern origin (Mayr, 1944a).

New Guinea: This large island is only 100 miles from Australia
at its closest point. The intermediate water is shallow, extending
down to only about 30 feet in the section to the north of Cape
York. New Guinea has repeatedly been in direet contaet with
Australia. This was the case during part of the Tertiary and on
two separate occasions in the Pleistocene.

New Caledonia: This island, 750 miles to the northeast of
Australia, is separated by deep water and its isolation is of long
standing.
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New Zealand and Lord Howe Island: These islands lie, re-
spectively, 1200 and 350 miles to the east of Australia. Both are
regarded by geologists as “‘continental remnants,”’ though a sub-
marine trough extending down to 12,000 feet isolates New Zealand
today. The nature of any pre-Tertiary conuections with Australia
are, however, highly speculative.

Tasmania: This island lies about 140 miles off southeastern
Australia but with islands half-way across, and has a purely
Australian fauna. Intermediate ocean depths only extend down
to perhaps 150 feet and, like New Guinea, Tasmania was direetly
connected to Australia during part of the Tertiary and Pleis-
tocene.

The influence of the surrounding land masses ou the Australian
avifauna has obviously been relatively slight, a fact that makes
the continent ideal for speciation studies. Not only is the con-
tinent surrounded by areas of deep sea but, if Tasmania be in-
cluded with Australia, only to the north has there been ‘‘inter-
ference’” from outside. New Guinea has, however, continuously
contributed new bird species to Australia.

V. THE AUSTRALIAN AVIFAUNA

Australia is credited with 707 species of birds by the Official
Checklist of the Royal Australasian Ornithologists Union (1926).
The recent treatment of Mayr and Serventy (1944), however,
rightly reduces the number to some 651 species. There are 37
species of breeding seabirds, 83 visitors, 531 land and freshwater
birds (29 of which come into the category of semi-species), with
14 being restricted to adjacent islands. 1t is on this total of 531
species that the caleulations in the present work are based.

In aceord with its being the smallest land mass, Australia has
less bird species than the other continents, as the following figures
of Stresemann (1927-1934) will show:

Australia 531 speeies
Afriea 1,750
South America 2,500
North America 750

Palearctic region 1,100
(Europe and Asia)

The tropical island of New Guinea, immediately to the north of
Australia, with only one-tenth of the land area, but dominated
by tropical rain forest and high mountains, has no fewer than
509 species of land and freshwater birds, together with 28 semi-
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species, and 29 inhabiting adjacent islands, a total of 566 species.
Thus it has a richer avifauna than Australia. If the 191 species
common to both be eliminated, the combined total for Australia
aund New Guinea is 906, a sum that brings the section more into
line with the major land masses of the Northern Hemisphere.

The Australo-Papuan region is one of the major zoogeographic
subdivisions of the world and, in conformity with its peeculiar
mammalian, amphibian, and freshwater fish fauna, is rich in
endemic bird families, subfamilies, and genera. In contrast with
some lower vertebrate groups (freshwater tortoises, hylid frogs),
various invertebrates and some plants, and despite the occurrence
of flightless ratites, numerous parrots, ete., on both, Australia
has no close affinities with the avifauna of South America. Like-
wise, supposed direet relationships with certain African elements
(e.g., between Promerops and the Australian Meliphagidae) are
now open to question (Mayr and Amadon, 1951). Many bird
families do, however, extend from Asia to Australia, and some
from Afrieca or Europe, through Asia, to Australia. Such may
be equally well developed in both regions, e.g., Turnicidae,
Campephagidae, Ploceidae, Zosteropidae. More commonly, how-
ever, only one or two species of such Palaearctic or Oriental
families extend to, or oceur in, Australia: Meropidae, Pittidae,
Timaliinae, Sylviinae, Motacillidae, Nectariniidae, Coraciidae,
Sturnidae, Oriolidae, Dicruridae. Avifaunal interchange aeross
Wallace’s Line and down the ‘‘impoverished’’ Indonesian island
archipelago has been discussed by Mayr (1945¢), Darlington
(1957), and others.

The families and subfamilies endemic to the Australo-Papuan
region have been listed by Darlington (1957) and Keast (1959b).
Those oceurring in Australia proper, and the number of species
comprising each family, are as follows: Casuariidae (easso-
waries), 1; Dromaeidae (emus), 1; Megapodiidae (incubator-
birds), 8; Pedionominae (collared hemipodes), 1; Loriinae (honey
lories), 6; Kakatoeinae (cockatoos), 10; Menuridae (lyrebirds),
2, Atrichornithidae (serub-birds), 2; Malurinae (Australian
warblers), 64; Meliphagidae (honeyeaters), 65; Cracticidae (Aus-
tralian butcher-birds), 14; Grallinidae (mud-nest builders), 3;
P'tilonorhynchidac (bower-birds), 8; Paradisaeidae, (birds of
paradise), 3. Two hundred and thirteen speeies of Australian
land and freshwater birds, or 35 per cent of the total, belong to
these endemic groups. If, however, Australia and New Guinea
be grouped together, with their total of 906 different species, the
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number of species belonging to these gronps is found to reach
369 (41 per cent).

In addition to endemic families and subfamilies Australia has
various endemic genera belonging to cosmopolitan families such
as the Anatidae (ducks), Columbidae (pigeons), and Ploceidae
(finches). The Strigidae (owls), Cueculidae (euckoos), Rallidae
(rails), and others are each represented by various endemic
species. In eontrast to this, interestingly enough, a couple of
cosmopolitan bird species extend to Australia, e.g., the owl Tyto
alba, the falcon Faleo peregrinus, and the grebe Podiceps crista-
tus.

Considerable radiation has occeurved in the Australo-Papuan
region in various cosmopolitan families. Thus, Australia now has
18 species of ducks and geese, 23 pigeons and doves, 51 parrots
(thongh a proportion of these are lories and eockatoos), 10 king-
fishers, and 12 cuckoos.

Irom the viewpoint of its origin, the Australian avifauna could
be said to have been huilt up by a series of waves of colonization
from the north over a prolonged period, or by successive coloni-
zations superimposed npon the earliest elements. Isolation has
been fairly complete throughout.

VI. THE SAMPLING O THE AUSTRALIAN
AVIFAUNA

Eighty per cent (425 out of 331 speeies) of breeding land and
freshwater birds are covered.

The sampling of species in the present work, has been a random
one. Only a couple of families of lesser importance are unrepre-
sented. The proportion of species of New Guinea-Pacifie amd
Australian origin in the sample approximates to that actually oe-
curring, as does the proportion of species with the different kinds
of distribution in Australia, e.g., southern as against northern,
peripheral aud inland, extensive and restricted. The ratio of
speeies inhabiting the various basie vegetation formations and
of those falling into the various eategories of seasonal movement
is likewise maintained i the sample.

In the following, stress is placed on the relationship between
speciation and (a) the phylogenctie group (i.e. family) to which
a species belongs, (b) the vegetation formation it oecupies, (e)
the nature of its seasonal movements.

Sampling According to Classification and Family Categories
The elassification and subdivisions of the Australian land and
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freshwater bird fauna are set out in Table 4. The nnmber of
speeies in each family and sample used in the present study are
shown in the first column. Thirty-one families are covered in
toto whilst some 90 per cent of the Museicapidae and more than
half the parrot species are ineluded. The only important families
unrepresented are the Strigidae (8 species), and Cueulidae (11
speetes).

Sampling Aceording to Habitat
(Vegetation Formation) Oceupied

The major vegetation formations occurring in Australia, and
the approximate continental area covered by each plus its per-
centage of the whole, are set out in Table 2. In succeeding
columns the number of bird speeies restricted to or reaching its
greatest abundance in each formation are shown, together with
its pereentage of the total avifauna. The final column represents
a ealeulation of the number of square miles of habitat per species,
to give a figure for the relative richness of cach vegetation
formation.

The sample of each type used as the basis for all the calcula-
tions in this work is set out in the first column of Table 5.

Savannah woodland, savaunah grassland, mulga, and spinifex
desert, eover the largest arcas of the continent. By contrast, rain
forest and mangroves, though covering only a small area, are
ricliest, on the one hand, in terms of number of bird species and,
on the other, in number of species per square mile of habitat.
The largest number of species, however, could be said to be
specialized for life in selerophyll forest and savaunah woodland.
This figure, it should be noted, does not represent the number
of bird species that could be seen in a day’s observation in a
typieal area of each habitat, for in a savannah woodland, partie-
ularly, there is a relatively greater geographic replacement of
species as between the north (tropical savaunal) and the south.
Rather, it expresses the number of species that are, basically,
inhabitants of each.

In the compiling of Table 2, it was apparent that the avifauna
of the more specialized vegetation formations, the rain forest, sele-
rophyll forest, mallee, desert (spinifex) grassland, mangroves,
and swanps and rivers, tended to be fairly specific and conserva-
tive in habitat choiee. Henece, little difficulty was had in allocating
speeies to a category. This did not apply, however, to the more
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‘“transitional’’ types of vegetation formation: savannah wood-
land, savannah grassland, and mulga, which not only have much
in eommon but interdigitate and overlap extensively. The dom-
inant species in savannah grassland (or savannah woodland)
may also be common in savannah woodland (or vice-versa) and

. Fasciogularis  (mongroves)
lewini (rnin forest)

. chrysops  (sclerophyll)

. Fusca  (sav. woodlard)

. virescens  (sov. grasslond = mulga )

ornata (motlee)

Fig. 7. Distribution of 6 species of the genus Mcliphaga (honeyeaters)
in eastern Australia to show correlation with major vegetation formations.
The map is somewhat dingrammatie. Six species are inhabitants respectively
of mangroves, rain forest, sclerophyll forest, savannah woodland, savannah
grassland — mulga, and mallee,

This is an exceptionally good example of a phenomenon secn to at least
some extent in most bird genera.
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mulga, and penetrate the dryer sclerophyll forests and mallee.
In these cases the alternative remained of creating several addi-
tional ‘‘habitat categories’ or placing the species under the
vegetation formation in which they were especially prominent.
For the sake of simplification the latter course was chosen. The
figures for savaunah woodlaud and savannah grassland are
placed in brackets in Table 2; they are probably relatively too
high.

Apart from the above, a number of species occupy a life zone
that is a continuum between two or more formations, e.g. the
“leafy canopy,”” mistletoe. Again, large hawks, crows, small
aerial feeding species (e.g. swallows), and a few others, are little
influenced by vegetation in their distribution. They have a range
that is virtually continent-wide. IFor the sake of completeness
these are included in whichever of the ‘‘intermediate-type’
habitat categories they are especially prominent.

Each bird species is included only once in the calculations.

The whole problem of allocating species to habitat categories
is mueh simplified in Australia, fortunately, by the basic vegeta-
tion formations being arranged in broad, parallel, zones.

Sampling According to Seasonal Movements

The seasonal movements undertaken by Australian land and
freshwater bird species are complicated and every stage in the
transition from one to another of the extremes is present. Thus,
amongst the south-north migrants are species in which the move-
ment is restricted to the more southern populations, or to a pro-
portion of the individuals of these populations. In others the
movement is entire. Amongst the nomadic species are some that
are sedentary for a year or more, moving with the onset of a
drought, and others that are nomadic in part of the range ouly.
In the more typical nomads, however, the movements are general,
irregular, occur frequently, and arve of cousiderable amplitude.
Many have, seasonally, a south-north bias to the movements.

For the purposes of the present work, species are broadly
grouped into the three categories according to the nature of the
seasonal movements over the bulk of the species range.



330 BULLETIN : MUSEUM OF COMPARATIVE ZOOLOGY

_Grouped in this way, the Australian land and freshwater birds
are as follows:
TaBLE 7
In Fauna In Sampte

No. of Species % of Whole No. of Species ¢ of Whole

Sedentary species 351 66 204 69
South-north migrants 42 8 32 8
Nomadic species 138 26 99 23

The small number of true migrants and the relatively great
importanee of the nomadic way of life on the Australian eon-
tinent, as compared to the Palearetie and Nearetie regions, will
be noted. Nomadism is an adaptation to unreliable and uncertain
rainfall, though, in Australia. a certain amount of this behaviour
is associated with the blossoming of foad trees. Migratory species,
in the restrieted south-north sense in whieh the term is used here,
are, as noted, mainly inhabitants of the wellawatered eastern
seetion of the continent.

VI, VARIATION AND SPECIATION IN THE
VARIOUS BIRD FAMILIES
Ovder PODICIPKDES
Family PODICIPITIDAE
(Grebes)

There are three grebe species in the Australian region, only
one of which is endemic. All have an extensive Australian range,
are nomadic, and are swamp and river forms, diving for sub-
merged food.

Speciation

Where continental variation ocenrs it is of a elinal nature,
vide Dodiceps novachollandiae (Mayr, 1943). Isolation and dif-
ferentiation does, however, occur in this speeies beyond Australia.

Order FALCONES
IPamilies ACCIPITRIDAE, FALCONIDAE, PANDIONIDAE
([fawks and Eagles)
The Australian eagles and hawks number 24 speeies and con-

stitute a most varied fauna. At the one extreme ave small ““hov-
ering’’ kites and a kestrel, at the other the large cagle Aquila
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audar with wingspan of up to ten feet. The majority of the
forms are endemies (4 genera, 15-16 of the speeies) that have
diverged to a greater or lesser extent from counterparts in other
areas of the world.

The various forms are specialized ecologically in various ways :
as seavengers, rodent and inseet feeders, hunters that eateh birds
in the air, and as fish-caters. Many are nomads and their distri-
bution depends on seasonal conditions and the whereabonts of
prey.

All the Australian hawks are well differentiated species.

Speciation

Fifteen of the Australian Falcones either do not vary geo-
graphically, or have only insignificant elinal variation. This
results largely from the mobility that goes with large size and
the strongly developed nomadic tendencies of most speeies.

Of those that do vary geographically, one species Faleo beri-
gora, does so to a marked degree. 1t is improbable, however, that
any of its forms are true isolates today (Condon, 1951a).

Distinetive southern and northern forms occur in four speeies
with evidence in at least one (Aceipiter fasciatus), and possibly
others (.. cirrhocephalus, Falco longipennis, Pandion haliactus),
that this state of affairs has been built up by invasion of the
continent from the north taking place in two waves. In Aceipiter
fasciatus these consecutive arrivals are now connected by a
stepped eline (Condon and Amadon, 1954).

Aquile audax and possibly Accipiter novachollandiae, show
some evidenee of interruption to gene flow across Bass Strait.
The northwestern stock of Awriceda subceristata and the south-
western population of Falco peregrinus, each of which has differ-
entiated to some extent, are apparently isolated.

Although there is evidence in a few species of minor isolation
and range thinning, there would not appear to be any species
being formed in the Aunstralian hawks today. In the island section
to the east of Wallace’s Line, by contrast, the Australian species
are broken up into about 43 morphologically differentiated iso-
lates. This is exclusive of the variation oceurring to the west
of the Line in cosmopolitan, or Afro-Asian, species such as
Milvus migrans, Haliastur indus, Falco peregrinus, and Pandion
haliaetus.
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Order GRESSORES
Families ARDEIDAE, THRESKIORNITHIDAE,
CICONIIDAE
(Herons, Spoonbills, Ibises)

The 19 species that make up the Australian members of this
order may be divided up as follows: — swamp bitterns, 2; man-
grove bitterns, 1; egrets, 3; night herons, 1; stream and swamp
herons, 4; reef herons, 1; estnarine herons, 1; spoonhills, 2; ibises,
3; storks, 1. All of these extend beyond Australia and a few be-
long to widespread superspecies. The majority of the forms are
predominantly swamp feeders but the herons hunt in the open
fields, fringes of streams, and tidal flats as well. One species is
confined to mangroves and a second is exelusively a reef feeder.

The Australian Gressores almost all have a wide range on the
continent and typically are nomads, moving around with seasonal
conditions. Breeding areas vary somewhat from year to year,
depending on water levels on individual marshes and streams
(H. J. Frith, personal communication).

A couple of species, however, are seaside feeders, and exhibit
little seasonal movement. These are the Mangrove Heron,
Butorides striata, and the Recf Heron, Demigretta sacra.

Speciation

None of the members of this group vary geographically except
(a) Threskiornis molucca, that apparently shows a slight south-
north size cline, and (b) Butorides striatus, that has no fewer
than five differentiated isolates (Mayr, 1943). Under ecircum-
stances of insular isolation in the southwest Pacifie, by contrast,
Nycticorax caledonicus has 2 distinetive isolates, Dupetor flavi-
collis at least 2, and Butorides striatus 4.

The Australian isolates of B. striatus occur as follows: (a)
Shark Bay (unnamed form), (b) Ashburton River to Point
Cloates (rogersi), (¢) King Sound (cinereus), (d) Northern
Territory and Melville Island (stagnatilis), (e) Cooktown area
(littleri), and (f) New South Wales (macrorhynchus). These
forms differ markedly in colour and size and one of them (rogersi)
was long considered a distinet species. DMayr stresses the faet
that the western and eastern groups are distinet, and suggests
that they may have originated as a double invasion.

The pattern of isolation and differentiation in B. striatus, set
out in Figure 8, is similar to that seen in some other mangrove
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birds (see Seetion IX).
Demigretta sacra has a similar distribution to Butorides stri-
atus but does not vary geographically in Australia. It is a

BUTORIDES
STRIATUS (heron) 4%

~ MALURUS
CYANEUS - SPLENDENS
GROUP (wrens) ©

Tig. 8. Upper: Isolation and differentiation in the mangrove bittern
(Butorides striatus). There is a chain of distinetive isolates along the
western, northern, and eastern coasts (indicated by spotted areas and
numbers). Range gaps correspond to areas where the appropriate habitat
is apparently lacking.

Lower: Distribution of species and forms in the Malurus cyaneus —
melanotus — splendens group of the blue wrens (see cross-hatched areas in
lower half of map). The four major forms shown, though isolated from
cach other, are se distinet that (with the possible exception of M. melanotus
and M. callainus) they must be regarded as (taxonomic) species. The
habitats differ markedly, M. cyaneus inhabiting seclerophyll forest and
thickets in savannah woodlands, M. melanotus, mallee, M. callainus, spinifex
desert, and M. splendens, sclerophyll and dry scrubs.

M. cyaneus has isolated insular races on the Bass Strait islands and
Tasmania. ‘‘H’’ refers to a minor zone of intergradation. The small letters,
fa’? b’ and ‘“e’’ refer to races of M. cyaneus.
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relatively “*conservative’” speeies, with only one morphologically
differentiated isolate in the whole of the Pacific.

Order ANSERES
Family ANATIDAR
(Ducks)

There are 19 Australian species, many of them endemics. The
fanna includes a number of curions monotypie genera such as
the Black Swan (Cheopis strata), the Pied Goose (Anscranas
semipalmata), the Cape Barren Goose (Cerecopsis novachol-
landae), the Pink-eared Duck (Malacorhynchus membranaceus),
Freckled Duck (Stictonetia naevosa), and Musk Duck (Biziura
lobata). By contrast, others ave representatives of near cosmo-
politan groups: teals, shovellers, and tree ducks.

The various members of the family are typieally swamp and
river forms, a few heing animal feeders, but most are herbivorous
or have a mixed diet. There are no true sca ducks in Australia.

Most species have a wide range. Some fonr are essentially
southern, and three are eonfined to the tropical north. Only one
species, Cercopsis novachollandiae, has a really restricted range—
the islands off the southern eoast.

The most striking feature of the Australian Anatidae is the
agreat mobility of miost species. The Australian bird literature
has many references to ducks arriving in various distriets follow-
ing heavy rain, remaining for a while and, with the drying up
of the surface water, disappearing again. Recent banding work
on one speeies, the teal Anas gibberifrons, has proven that indi-
viduals move seasonally between the north and south of the con-
tinent (e.z. Darwin — Perth, Darwin — southern New  South
Wales). The amplitude of movenment of at least two other species
(Malacorhyuchus membranaceus, Anas supcieiliosa) is undoubt-
edly equally great.

The areas in whiel most duck speeies concentrate to breed vary
somewhat from year to year but there is regnlar hreeding both in
southeast and southwest Anstralia (. J. ¥rith, personal com-
munication).

Speeiation

The distinetive small teals, Anas gibberifrons and . castanca,
at one time cousidered to belong to the same species (Ripley.
1942) but now known to coexist over a wide area, represent the
only ease in which the circumstances of past speciation ean be
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seen. The two apparently oviginated as a double invasion of the
continent from the north, with .1. castanca being the older in-
habitant.

Geographie variation is negligible in the Australian Anatidae.

In contrast with the sitnation on the continent, a number of
Australian ducks show well marked differentiation in the island
archipelagos to the north. Thus, Dendrocygna arcuata has at
least one morphologically differentiated isolate, Anas supereiliosa,
one, and .1nas gibberifrons, one.

Order GALLI
Family RALLIDAE
(Rails and Water-hens)

Of the 14 species occurring in Australia, three extend througch
from the Palacavetic rvegion (Porzana pusillu, Fulica atra, Por-
pliyrio porphyrio). A few others belong to cosmopolitan super-
speeies (e.g. Gallinula tencbrosa). Two speeies have a wide rance
throungh the Pacific (IHypotaenidia philippensis, Poliolimnas cin-
ercus). Of the remainder, three species ocenr also in New (Guinea
and adjacent islands and/or New Zecaland (Rallus pectoralis,
Rallina tricolor. Porzana tabucusis, plus Porpliyrio porphiyrio
nmentioned above). Four species are restricted to Australia (FEu-
labcorms castancoventris, Porzana fluminea, Amaurornis rifi-
crissus, Tribonyr ventralis), and one (Tribonyr morticrd) to
Tasmania.

With the exception of the northern Rallina (ricolor, inhabiting
undergrowth and thickets near tropical streans, and Eiwlabeornis
castancoventris and Poliolimnas cincreuws, living in mangroves
(also in the north), the Australian Rallidae are swamp and marsh
species.

Speciation

Nine of the Australian Rallidae either do not vary geograph-
ically or have only minor clinal variation. Of these, four have a
relatively restricted range (north of the continent or on Tas-
mania only). The others are either highly nomadic (e.g. Filica
atra), or at least nmomadic over part of the range (Tribonysr
ventralis).

The most marked isolation and differentiation occurs in Por-
plhiyrio porpkyrio, the southwestern form of which (bellus) is
highly distinet, the Tasmanian isolate (flefelierac) somewhat less
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so. P. porphyrio is a sedentary species. The southwestern popu-
lations of Porzana fluminea, Gallinula tenebrosa and Rallus
philippensis are apparently isolates, as are the Tasmanian popu-
lations of Rallus pectoralis and Porzana tabuensis. The distine-
tive endemie rail of Tasmania, Tribonyr morticri, may represent
an early isolate of 7. ventralis-type stock, though a fossil rail
from southern Queensland (7. effluaus Devis (1892) ; see Condon,
1954, p. 23) could indicate that it is derived from a heavier-bodied
stock now extinet on the mainland. Ewulabeornis castancoventris
has a morphologically differentiated isolate in the Aru Islands

In contrast with the minor amount of isolation and speciation
within Australia, several of the rail species have a large number
of distinetive isolates beyond the econtinent. Rallus philippensis
has a total of 18 differentiating isolates in the section to the east
of Wallace’s Line (including New Zealand, New (aledonia, and
Macquarie Island — Peters, 1934, p. 164), Porphyrio porphyrio
about 8 (in New Zealand, the Chathams, Tord Howe Island.
varions Pacific islands). whilst Porzana tabuensis has them in
New Zealand, New Caledonia, I'iji, and elsewhere. The capaecity
of the short-winged rails for eolonizing oceanic islands is well
known. Iere they typically occupy grass thickets and under-
erowth, not marshes.

Order GRUES
IFamily TURNICIDAE
(Bustard-quails)

The Turnicinae and Pedionominae, respectively, contain six
and one species. One member of the former extends to New
(fuinea and beyond, and another to New Caledonia.

All are swift-running, swift-flying, ground-living birds, partly
seed-eating but also taking insects, and requiring long grass and
herbage for protection. The various species are specialized for
life on the open plain, rocky hillsides, swampy ground, forests
and dense serub.

The various species of Twrniz vary in bill form, some having
slim, others heavy graminivorous-type, beaks. This situation is
reflected in Amytornis.

Speeiation

Only two forms show any speciation trends in Australia: the
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stationary Twrnir varia and Turnixc castanota. The former, in-
habiting sclerophyll forest (and mallee), is a coastal form of
the cast and south. It has isolates, none of them very well dif-
ferentiated, in Tasmania, the southwest corner of the continent,
and on the Abrolhos Islands. Twurnir castanots, a savannah
woodland inhabitant of the northwest of the continent, has a
distinetive isolate (approaching the extent of differentiation
typical of a species) on (ape York (oliver).

The remaining species either do not vary geographically or
show only clinal variation. Most, however, are either nomadic
(e.g. T. velozx), or else have only a restricted range (7. melano-
gaster, Pedionomus torquatus).

There could be a degree of isolation, past or continuing, be
tween the northwestern and eastern forms of Twurniz pyrrho-
thora.

Order COLUMBAR
Family COLUMBIDAE
(Pigeons and Doves)

The Australian pigeon and dove fauna totals 22 speeies, two-
thirds of them endemie. Chalcophaps indica chrysochlora, how-
ever, is the end member of a chain of forms extending through
from India and thence east to the New Hebrides. Geopelia
striata extends from Malaya to Australia. Ptilinopus regina and
P. (eincta) alligator stem from the islands to the northwest of
the continent (e.z. Timor) and the parental stock of the endemic
castern Macropygia phasianelle apparently also entered the con-
tinent from that sector (Mayr, 1944b). Ptilinopus supcrbus,
Mcgaloprepia magnifica, and Ducula spilorrhoa are fairly recent
immigrants from New (Guinea, whilst the parental stock of the
endemie Columba norfoleiensis must have also entered from the
northeast.

Within the Australian eontinent today the pigeon-dove fauna
falls into a large number of morphologically and ecologically
distinetive types. The fruit pigeons are as highly coloured as the
interior ground dwellers are plain.

The various species may be grouped ecologically as follows :—

(a) Rain forest forms. Arboreal fruit and berry
eaters, 8 species.
Forest floor species, 2 species.
(b) Ground feeding form of the coastal under-
growth (southern), 1 species.
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(¢) Small arboreal doves which feed on the ground
and have a northern or inland range, 3 species.

(d) Pigeons of the Dhiterior grasslands and desert
5 speci

(e) Rock Pigeons, requiring rocky outerops, 2 or
3 species.

The eastern rain forests have a dense fauna, as has the plains
country of the inland. The rock pigeons inhabiting areas of
roeky outerops, are intertor and northwestern in distribution.

Only two species oceur in the southwest corner of the continent
and in Tasmania (Phaps clegans and . chaleoptera).

Speciation

The eircunmstances of origin of most endemie genera and spectes
cannot now be seen. Some speeiation is, however, occurring
today.

The large rain forest fruit piceon, Megaloprepia magnifica, has
morphologically differentiated isolates corresponding to each of
the three main tracts of rain forest: northern New South Wales-
southern Queensland, Cairns-Atherton, and Cape York. Those
inhabiting the last-named distriet are obviously recent arrivals
from New Guinea. Ptilinopus regina and Chaleophaps indica.
inhabiting monsoon forests and coastal scrubs in the Northern
Territory and rain forests in the east, are differentiated into
distinetive eastern and northwestern isolates. Ptilinopus alli-
gator, known only from the Alligator River, is a distinetive
dertvative of the Timor-Sumba speeies, Plilinopus cincta.

Amongst the savannah woodland-grassland species, Gcophaps
seripta and (. smithii, inhabiting Arnhem Land and Cape York-
castern Australia, respectively, have developed specific dif-
ferences. The small doves, Geopelia striata and G. humeralis, and
the erested pigeon, Ocyphaps lophotcs, have undergone differenti-
ation in the savannah tract in the Hamersley area of Western
Australia. @. striata and G. humeralis have developed morpho-
logieally distinet isolates in the savannah area of southern New
Guinea. . striata has a hybrid zone in northwestern Australia.

The rock pigeons of central and northwestern Australia require
a combination of rocky outcrops, spinifex, and surface water
(Mayr, 1951) —an exceptional habitat. They are broken up
into morphologically differentiated isolates to a surprising ex-
tent. Lophophaps plumifera has no fewer than 3-4 (see figure
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in Mayr, 1951), distributed as follows: (a) Midwestern Aus-
fera) (this form extends across the eontinent to western Queens-
distriet, at mouth of the Fitzroy River (mnungi); (¢) West
Kimberleys (middle Fitzroy and Margaret Rivers) (proxima) ;
(d) Middle Victoria River and Eastern Kimberleys (plumi-
fera) (this form extends across the continent to western Queens-
land); (e) Central Australia (leucogaster).

These forms are apparently isolated from each other, the
barriers separating them (sand plains) being terrain deficient in
the basie requirements.

The genus Petrophassa eontains two distinetive forms, albi-
pennis and rufipennis, respectively isolated in the rugged gorges
of the Kimberleys and Alligator River section of Arnhem Land.
They are approaching, or have reached, that degree of differ-
entiation typical of specics.

In contrast to the above cases, there are several Australian
Columbae that cither do not vary geographically or else have
only minor size or colour elines. These include: (a) Phaps
eleguns, an inhabitant of the southern and southeastern coastal
fringe that has undifferentiated isolated populations in Tas-
mania and southwestern Australia. The population of Lewuco-
sarcia melanoleuca isolated in the Cairns rain forest may also
prove to be undifferentiated. (b) I’. chalcoptera. a large pigeon
with a continent-wide range and that is essentially sedentary
(and hence might be expected to vary). (¢) A couple of eastern
rain forest nomads (e.e. Columba norfolcicnsis), a highly no-
madic interior species (Histriophaps histrionica), and a no-
madic mhabitant of the northern coastal fringe (Ducila spi-
lorrhoa).

Species with worphologically  differentiated isolates beyond
Australia ave: Chalcophaps iadica, 4 (plus an additional 4
to the west of Wallace’s Line); Ptilinopus regina, 2-3; Mega-

G )

loprepia magnifica, 3; Ducula spilorrhoa, 1; Geopelia striata, 3.

Order PSITTACI
Family PSITTACIDALR
(Parrots)

The Australian parrot fauna numbers about 50 species and,
with the exception of half a dozen species obviously of northern
origin (e.g. Trichoglossus nwoluceanus, Opopsitta diophthalina,
Probosciger aterrunus, Larius roratus), is completely endemic.
Radiation has been marked in all the basie eeological types.
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These include: (a) somewhat generalized seed-eaters, inhabiting
the wide areas of the continent covered by grassland savannah,
(b) large heavy-billed cockatoos, that either eat the larger
seeds and nuts, dig for roots, or else strip the bark from trees
in search of wood-boring grubs, and (¢) small, nectar-feeding
lorikeets that exploit the large blossoms of the dominant Kuce-
lyptus, Grevillea, and Banksia trees.

MELOPSITTACUS
UNDULATUS

(NOMAD)

Fig. 9. The influence of nomadism on geographic variation. Mclopsittacus
undulatus, the domesticated budgerigah or ‘‘parrakeet,”” is typical of the
many interior species that are highly nomadic and breed wherever conditions
are propitious. In none of the species with this form of seasonal behaviour
does geographic variation or speciation oceur.

The family Psittacidae is represented by speeies in all the
major vegetation formations excepting mangroves and swamps.
The majority of species are sedentary but nomadism is well
developed in some of the inland grass-feeders, e.g. Leptolophus
hollandicus and Melopsittacus undulatus (Fig. 9), and in many
of the nectar feeders (Trichoglossus and Glossopsitta) that
seasonally follow the flowering of the trees.
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Speciation in Some Major Genera

As the various genera present a complicated variety of
speciation situations they can best be reviewed individually.

Opopsitta: O. diophthalma, a rain forest fig-feeder, has three
distinetive isolates confined, respectively, to the three major
tracts of rain forest occurring in Australia (Fig. 10). Those
populations inhabiting the two more southern tracts (coxent,
leadbeaterr) have obviously been isolated for a considerable
period of time for they are approaching the degree of differenti-
ation typical of species. That inhabiting Cape York (marshalli),
however, is presumably a recent immigrant for it is only doubt-
fully distinguishable from that inhabiting the Aru Islands.

Platycercus: The various species fall into two superspecies:
clegans-flaveolus-caledonicus (Kig. 11), and eximius-icterotis-
adscitus-venustus (Iig. 12).

The P. elegans group is fundamentally an inhabitant of the
castern coastal rain forests and mountain sclerophyll forests.
In the Murray basin, however, in association with the develop-
ment of morphological differences, one stock (flaveolus) has
secondarily become adapted to inland riverside savannahs. Mem-
bers of the P. eximius group inhabit savannah woodland and
sclerophyll forest. They have much the wider range, with
southwestern and northwestern representatives.

In P. elegans there is a distinctive isolate in the Cairns rain
forest (migrescens), and a Tasmanian isolate that is so dis-
tinetive that it is regarded as a species (P. caledonicus). The
form inhabiting Kangaroo Island, at the western extremity of
range, is similar to that of Vietoria, but extending inland from
the adjacent mainland is a chain of distinetive forms in which
the dominant red pigment is gradually replaced by yellow
(Condon 1941; Cain 1955). The forms, former isolates (?), are
apparently connected by hybrid zones today. The end member
(flaveolus), the most distinet, extends practically the entire
length of the Murray. Towards the headwaters, however, it
makes contact with typical P. clegans without interbreeding
(Fig. 11). The situation thus is one of speciation by ecirele
formation, the individual links of which are interfertile but the
end members are not.! This is the only case of this type in
Australian birds (Cain, 1955).

In the P. crimius group, inhabiting savannah woodland and
sclerophyll forest there are major forms in the southeast (P.

1 One hybrid bird has since been found in the overlap area.
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eximius), southwest (P. icterotis), northeast (P. adseitus), and
northwest (P, venustus) of the continent, vespectively (Fig.

0.d.

marshalli

0.d.
leadbeateri

0. d. coxeni

OPOPSITTA
DIOPHTHALMA

Fig, 10. Isolation and speciation in the rain forest fig-parrot, Opopsitta
diophtha’ma. There is a distinetive form corresponding to each of the
three major rain forest traets in Australia.

Note differences in bill size and in the distribution of the red (spotted)
and blue (black) areas on the head.

Rain forest species are often represented by distinetive forms in each of
the three large tracts (New South Wales — southern Queensland, Cairns
Atherton and Cape York).
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12). They obviously originated in these sections and from
there spread out into the ranges they occupy today. lsolation
remains complete i all instances exeept between I, adscitus
and . extieius where there is an area of overlap, in which some
hybridization occurs. These major forms are so distinet mor-
phologically that they can only be called species, although
further study of the relationship of P. cximius and P. adscitus
is required.

PLATYCERCUS ELEGANS

SUPER SPECIES

elegans
nigrescens

({0 ¢ elegan

adeladae

ecoe il

Fig. 11. Isolation and speeciation by “‘eirele formation’’ in rosella parrots
of the Platycercus elegans superspeeics. Distinetive isolates oceur in the
Cairns-Atherton rain forests (clegans nigrescens) and ou Tasmania (cale-
donicus). These are indicated by ““1a’’ and *“3’7 on the map, respectively.
P. elegans proper (1b) extemds through the sclerophyll forests of the eastern
coastal strip. In southeastern South Australia, however, it is genctically
connected, through a chain of interfertile forms (e.g. P. e, adelaidae— *1¢77
and hybrid zones, with flavcolus inhabiting the riverside savaunnahs of the
Murray-Murrumbidgee River system (<“277). Towards the headwaters of
these streams flavcolus and elegans make contact without interbreeding.

Within the four speecies, minor isolates oceur on Tasmania
(P cxrimius diciencusis) and, eurrently or formerly, in various
parts of coastal Queensland (e.g. Cape York, Cairns-Atherton
arca, Bowen area) in . adscitus.
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Barnardius: Speciation is also marked in this genus. As
suggested by the map of Gentilli (1949), it is probable that
B. zonarius originated in the southwest and B. barnardi in the
east of the continent, respectively, at a time of greater aridity
than today. Subsequently, B. zonarius has been able to extend
to the east, crossing the Nullarbor Plain. Cain (1955) indicates
that hybridization between the two occurs today in the vieinity
of the Flinders Range.

PLATYCERCUS EXIMIUS

SUPER SPECIES

Yellow

R\
Black Black
White  White

Fig. 12, Isolation and speciation in the Platycercus eximius group of
savannah  woodlaud — selerophyll forest rosella parrots. Geographieally-
representative forms, so distinctive that they ave called species, oceur in
the northwest, northeast, southeast, and southwest of the continent, respee-
tively. Secondary range eoutact and some hybridization (‘‘1177) oceur be-
tween P. adscitus and P, eximius today. The status of these forms requires
further investigation.

P. erimius has a minor insular isolate on Tasmania.

The most interesting feature of Barnardius is that a series
of distinetive isolates have developed in the various river sys-
tems in different parts of the continent. There are such forms
centred on the group of rivers entering the head of the Gulf
of Carpentaria in the north (b. macgillivrayi), the Hamersley
(mid-western) watershed (z. vecidentalis), the Murchison River
(z. connectens), the southwest (z. senitorquatus), the streams
arising in the Macdonells i central Australia (z. myrtae), and
the Murray-Darling system (b, barnardi). The distribution
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of the group is essentially a ‘‘refuge’ one.

Psepholus: This genus of 5 to 6 species falls into three species
groups, representing earlier and later phases of radiation and
speciation.  These, and the vegetation formations they now
oceupy, are as follows: (a) P. hacmatogaster (with 5 subspecies,
a couple of which are undoubtedly isolates), southern inland
Australia (areas of savannah grassland, mallee, and mulga) ;
(b) P. hacmatonotus (little geographic variation), inhabiting
the temperate savannah woodland of southeastern Australia;
(¢) P. varius (savannah grassland and mulga), and the P.
chrysopterygius  superspecies  (tropical savannah woodland
mainly), including P. ¢. chrysopterygius on Cape York, P. c.
dissimilis (Arnhem Land), and P. pulcherrimus (central and
southern Queensland).

Speciation is actively oceurring in the P. varius-chrysoptery-
gius group, several isolates of whieh have reached the stage of
morphological distinctness typical of species. The group has
essentially a *‘refuge-type’’ distribution and the distribution
of forms corresponds closely to that in the Platycercus eximius
and other groups. These are: southeast of continent, in this
case the Murray-Murrumbidgee systemn mainly (. varius ori-
entalis), southwest (v. varius), Arnhem Land (chrysopterygius
dissimilis), Cape York (c. ehrysopterygius), and eastern Queens-
land (pulcherrinus) — see distribution map in Cain (1955, Fig.
13). Of these v. varius has spread outward to central Australia
and the ITamersleys.

Psephotus demonstrates a common phenomenon in Australian
birds (vide Climacteris, Platyccrus), namely, that where mem-
bers of a genus live in eclose proximity to each other over an
extensive area (including occupying adjacent habitats), they
typically belong to different species groups. Alternatively, ex-
pressed, within each species group the members tend to be
geographically representative, or else geographic overlap is only
partial (more recent). The different rates at which differentia-
tion and speciation may occur from one species group to an-
other is also seen in Psephotus, in one group (. haematonotus)
there being no geographie variation, whereas in the others it is
well advanced.

Neophcina: Again there are three species groups, represent-
ing an earlier stage of radiation and speciation, plus a series of
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more recent torms. The species groups are: (a) N. bourki (in-
habiting the arid interior, mainly mulga desert), (b) N. chry-
sogaster — ehrysostomus—elegans— petrophila (sonthern river-
side savannah woodland and dry sclerophyll forest, mostly),
and (¢) N. pulchella-splendida (southern dry sclerophyll-savan-
nah woodland, and desert scrub, respectively).

It is within the secound species group that much speciation
has taken place. N. chrysogaster is fundamentally Tasmanian,
though it now coexists with other members of the species on the
wainland, and N. elegans probably originated in the southwest.
It too ocenrs now in the southeast. N. pelroplile, confined to
the rocky coastline and offshore islands ¢f the southwest and
south, has the most nunusual habitat and breeds in rocky cerevices,
not in trees. N. clirysostoma possibly originated in the interior
(especially in the mallee areas) of the southeast. N. pulchella
and N. splendida, making up the third group, isolated in the
southeast and east and in the desert areas of southern Anstralia,
respectively, also oceupy dissimilar habitats.

Speeciation in the Psittacidae, Summarized

Within the 32 members of this group covered, there are two
instances  of secondary range overlap by recently evolved
species: the contact between Ncopheowa chrysostomas and N
clegans, and the contact between the former and N. ehrysogaster
in southeastern Australia. In Platycercus elegans-flavcolus the
end members of a chain of interfertile forms meet withont inter-
breeding.

Isolates that have reached, or are approaching, that stage
of morphological differentiation typical of geuetic species ocenr
as follows: Opopsitta (2), Platycercus (3), Psophotus (about

), Neophama (about 2). There are some 13 morphologically
differentiated isolates of lesser degree.

Hybrid zones oceur between Platycercus extmius and P. adsei-
tus and between Barnardivs zonarins and B. bernardi.

The only parrots that do not vary at least somewhat geo-
eraphically are nomads and those with restricted ranges. Melop-
sittaeus undulatus and Leplolophus hollandicus, the first rang-
ing widely over the continent (xee Iig. 9), are examples of
the former. (lines oceur in continuousty ranging species, e.g
Kakatoe voscicapilla.

Most species are confined to the continent and henece isolation
and speciation 15 intra-continental. .\ couple of New (iuinea
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speeies, however, have undifferentiated isolates on Cape York.
e.g., Larius roratus and Geoffroyus geofiroyi. There is an inter-
esting tendency in several parrot genera for river systems to
act as refuges and for differentiation to occur within them.

Order CORACIAE
Families CORACIIDAE, ALCEDINIDAE, MEROPIDAE
(Rollers, Kingfishers, Bee-Eaters)

Only one roller (Eurystomus) and one bee-cater (Mcerops)
oceur in Australia, and both are south-north migrants, wintering
in the islands to the north of the continent.

The Australian kingfishers number ten species and range from
small four-inch long river kingfishers (Alcyone) to large forest
kingfishers (Dacclo) a foot in length. The majority of species
have had a northern origin but four are Australian.

Most are sedentary but south-north migration occurs in
Haleyon sancta, H. macleayi, and Tanysiptera sylvia. The only
true inland form, 1. pyrrhopygia, is nomadic.

The various speeies fall into several well defined groups:—

Aleyone (2 species), short-tailed diving forms; Dacelo (2)
large forest forms and true endemies; Haleyon-Syma (5), forest
and mangrove inhabitants, three of which are certainly recent
immigrants with two (/. c¢hloris and I, (australasiac) sancta)
belonging to widely ranging Asio-Pacifie species groups: Tany-
siptera (1), long-tailed tropical kingfishers of New Guinea
origin.

Speciation

Neither the voller, Kurystomus oricutalis, nor the bec-eater
(Merops ornatus) varies geographially in Australia.

Speciation in the kingfishers is limited to a series of isolates,
as follows: (a) Dacclo leachii, inhabiting the northern savannah
woodlands (isolates in the Gascoyne — De Grey segment of
northwestern Australia), (b) Syma torotoro and Tanysiptera
sylvia, restricted to Cape York, which populations are differ-
entiated from the parental New Guinca species; (¢) -Aleyone
azuwrca and Ilaleyon macleayi, river and savannah woodland
species, respectively,  differentiated into Arnhem Land and
eastern forms. There is also a fair measure of isolation hetween
the Australian and New Guinea forms in Aleyone azurca,
Haleyon macleayi, and Aleyone pusilla. The small Cape York



348 BULLETIN : MUSEUM OF COMPARATIVE ZOOLOGY

form (minor) of Dacelo novaeguincae, an eastern and southern
sclerophyll forest-savannah woodland species, almost certainly
developed in isolation. The Tasmanian and Mount Lofty popu-
lations of :leyone azurca are undifferentiated isolates.

A hybrid zone occurs in Aleyone pusille in the Gulf of Car-
pentaria-Cape York area.

Size and colour clines oceur in several species. In Dacclo
leachii the Torres Strait barrier has led to a reversal of the
species south-north size cline, the New Guinea population having
a longer wing than the one on the adjacent mamland.

The nomad Halcyon pyrrhopygia and the migrant . sancta
have only unegligible variation in Australia.

Beyond Australia, Haleyon chloris has some 40 morphologi-
cally differentiated isolates in a range from Africa to Polynesia.
. australasiac, of which H. sancta is a derivative, has a dozen
or more. Aleyone and Syma have various forms in New Guinea.

Order PASSERES
Families MENURIDAE AND ATRICHORNITIIIDAE
(Liyrebirds and Scrub-birds)

The lyrebirds (Menura), large, gronnd-living, long-tailed for-
est inhabitants fall into two species, oue inhabiting the Mae-
pherson Range, and the other the coastal forests of the east and
southeast. The equally unique serub-birds (Atrichorais), re-
quiring dense undergrowth, are confined to eastern Australia
(A. rufeseens) and southwestern Australia (A. clamosus) —
see map in Chisholm (1951).

All members of the group are sedentary species.

Speciation

Atrichornis falls into the common pattern of an evolving
group being severed into an eastern and a sonthwestern com-
ponent, the latter, .. clamosus, which has become extinet since
settlement, being very distinet.

Menura alberti, the only bird species to be confined to the
Macpherson Range rain forests, probably originated there for
the area is obviously a refuge of long standing. 3. novaehol-
landiae has presumably secondarily spread from the south, for
it now reaches sonthern Queensland. It has, moreover, given
rise to a distinet ( ? isolated) form (cdwardi) in the Stanthorpe
granite belt.
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Family CAMPEPHAGIDAE
(Cueckoo-Shrikes)

The eight species that constitute the Aunstralian Campepha-
eidae inelude both older endemic forms and recent colonizers.
The most interesting of the former is Pteropodocys marima, a
eground-feeding species of the dry interior, which is partly
nomadie. Most species, by contrast, occupy a somewhat gen-
eralized food niche — the larger insects of the branches and
foliage.

The endemic Coracina robusta of southern Australia and its
“‘advanced’’ northern counterpart (C. papuensis), that lacks
the immature plumage phase, obviously represent two distinet
invasions from the north. C. novaehollandiae, the Australian
populations of which are the end members of a chain of forms
extending from India through Tndonesia, has had a long period
in Australia for it is broken up into several distincet forms here
and has secondarily colonized New Caledonia to give rise to a
new species there, C. caledonica. Lalage sueurii possibly orig-
inated in Australia for the endemic race (tricolor) is unique in
having an eclipse plumage (Mayr, 1940b) and is well adapted to
the dryer parts of the continent.

The remaining cuckoo-shrikes (Coracina lineata, C. tenwiro-
stris, and Lalage lewcomela) are fairly recent colonizers of the
Australian continent from the north.

Speciation

Morphologically differentiated isolates oceur in the Australian
Campephagidae, as follows: Coracina novaehollandiac, inhabit-
ing sclerophyll forest and savannah, 2, possibly 3 (one well
differentiated) ; C. papuensis, tropical savannah woodlands, 2,
possibly 3, all minor forms; C. tenuirostris, sclerophyll and sa-
vannah woodlands, 1 (probably), a minor form ; and Lalage leu-
comela, rain forest fringes and wmangroves, 2 or 3. The total
of 7-10 continental isolates contrasts with 35 in those species
(C. papuensis, C. lincata, C. tenuirostris, and L. leucomela)
inhabiting an archipelago area in the southwest Pacific of equiv-
alent size, and 48-49 for the whole island area east of Wallace’s
Line.

The ecological characteristies of this family relative to their
tendeney to undergo isolation and differentiation, have previ-
ously been discussed (Keast, 1958 i). Geographic variation
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tends to be absent or negligible in species oceupying habitats
that are broad as well as long (i.e. of an “‘inland’ type), and
that are continuous. It is suppressed in interior nomadie species,
of which Lalage tricolor and Pteropodoeys maxima arve the main
examples. South-north migrants, however, may vary geographic-
ally and even have isolates, e.g. Coracina novachollandiae and
C. tenwirostris.

Clines ocenr in various species. C. novachollandiac has, in
addition to a south-north c¢line of decreasing wing length, one
of inereasing hill length.

Family MUSCICAPIDAE
Subfamily MUSCICAPINAE
(Flyeatehers, Fantails, and Whistlers)

This subfamily is made up of a mixture of Australian and
New Guinea elements. Thus, of the four species of Rhipidura,
lewcophrys and possibly juh(/uzoxa are Australian, and the other
two are of tropical origin. The monotypic genus Seisura is
Australian, whilst  Piczovhyuchus, Machacvivhynchus, Arscs,
Mouarcha, Heteromylas, and Tregellasia, obviously originated
in New Guinea or the adjacent islands. Myiagra, Microcea, and
Pachycephala, arve well developed both in the tropies and in
Australia. The robin-like flycatchers (Petvoica, Eopsaltria) are,
by contrast, Australian, as are Faleunculus and Orcoica in the
Pachycephalini.

The flycatchers are forest dwellers, with rain forest and
selerophyll forest being rieliest in number of species. A few
are south-north migrants. The movements are partial (restricted
to some populations) in Rhipidura rufifrons, Myiagra rubccula,
Monarcha melanopsis, and Pachycephala rufiventris, and more
general in Pclroica vodinogaster (from Tasmania) and Myiagra
cyanolenca,

Speciation

The various flycatcher species differ widely in the extent and
significance of their geographic variation. There are some three
cases of recently completed speciation, various well differenti-
ated isolates, a variety of minor isolates, and a couple of minor
hybrid zones. Several species have striking colour and size
clines.  Others, however, do not vary at all geographically.

(a) Instances of Recently Completed Speciation

Petroica rodinogaster: This species is an insular (Tasmanian)
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derivative of . rosca. I'. rodinogaster, however, now migrates
across Bass Strait to winter, and sometimes breeds, alongside
the Dandenong Range population of its parent. The two bhehave
to one another as good species.

Petroica wittata: This is an insular (Tasmaunian) isolate of
P. cucullata that, in dropping the pied male plumage of its par-
ent form and reverting to a brown ‘‘henny’” phunage, has

REYCY
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PACHYCEPHALA RUFOGULARIS -
INORNATA

Fig. 13. Speciation in the Pachycephala inornata — P. rufogularis group
of mallee thickheads, a suggested hypothesis.

The distribution of speeies and races today are as shown in the final map
with P. rufogularis (see black ellipse) being confined to a restricted section
in western Vietoria. . inornata is isolated into western (inornata inornata)
and eastern (gilberti) races, indieated by light and heavy stippling, respec-
tively.

It would seem likely that a widely ranging parental form (map 1) became
split and isolated in the western and eastern sections of the continent,
respectively (maps 2 and 3), there to build nup genetic differences (map 4).
Subsequently, P. inornata colonized eastwards, to co-exist with P. rufogu
laris. More recently, in accordance with the severence of the mallee habitat,
the former has become broken up into eastern and western isolates.

The hypothesis presupposes south-north shifts of the rainfall belts causing
vegetational changes.
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undergone marked differentiation. It remains isolated, however,
though specific distinctness can certainly be assumed.

Eopsaltria georgiana and E. australis (race griscogularis) :
This is a case of speciation by double invasion into the forested
corner of southwestern Australia, the former being the older stock

Pachycephala rufogularis: This species oceupies a very re-
stricted range in the Vietorian mallee, where it coexists with the
castern form of its near relative, P. inornata. There would seem
to be little doubt that the two developed in the eastern and
western mallee tracts, respectively, when the parental stock
became severed into two (Fig. 13). P. inornata was subse-
quently able to extend eastwards again to coexist with, and
spread much wider than the essentially relict P. rufofularis.

(b) Morphologically Differentiated lIsolates

Isolates so distinetive that they must be considered to be
approaching the degree of differentiation typical of species are:

(i) The Arnhem Land and Cape York populations of the
wonsoon forest robins, Poecilodryas superciliosa (cervintventris
and superciliosa).

(i1) The southwestern and southeastern populations of the
selerophyll savannah woodland robin, Eopsaltria australis (gri-
scogularis and australis).

(iii) The northwestern and northeastern forms of the man-
erove whistler, Pachyecphalia simplex (simpler and penin-
sulae).

(1v) The northwestern, southeastern, and southwestern forms
of the sclerophyll-savanunah woodland shrike-tit, Falcuneulus
frontatus (whitci, frontatus, leucogaster).

The total number of morphologically differentiated isolates
in the Mnscicapinae will be seen from Table 5 to be 31-35. They
oceur in the following species, whose habitat is also given:

Rhipidura fuliginosa, various habitats, 4-5, one of which is
well differentiated ; R. rufifrons, rain forest, 1, well differenti-
ated; Seisura inquicta, savannah woodland, 2, one major, one
winor; Piezorhynchus alceto, mangroves and rain forest, 2, one
major, one wminor; Mylagra rubecula, sclerophyll forest, 1,
minor; Machaerivhynchus flaviventer, rain forest, 1, minor;
Monarcha trivirgate, rain forest, 1, major; Microeca leucophaca,
savannah and selerophyll, and M. flavigaster, tropical savannah
woodland, 1 each, both winor; Pctroica wmulticolor, sclerophyll
forest, 1, minor; Fopsaltria australis, sclerophyll forest and
savannah, 2, one major, one minor; Pocelodryas superciliosa,
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monsoon forest, 1, major form; Tregellasia capito, rain forest,
1, minor; Pachycephala pectoralis, various habitats, 5-7, minor
and major forms; I”. inornata, mallee, 1, a minor form: P.
laniotdes, mangroves, 3, minor forms; . simpler, mangroves, 1,
major form; and Falcunculus frontatus, selerophyll and savan-
nah woodland, 2, major forms.

In addition to the above there are several cases of isolation
without differentiation in the Muscicapinae, e.g. Petroica chry-
soptera and P. multicolor in Tasmania.
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Fig. 14. Geographic variation in habitat preference in the long tailed
flyeateher Rhipidura fuliginosa. This species, with essentially a peripheral
range, oceupies different hahitats in various parts of the continent. This
form of ecological variation indicates how, simunltaneously with the develop-
nment of genetic and morphological characters, isolates can become specialized
for life in vegetation formations different from that oceupied by the
parental form.

The numbers 1-9 on the map indieate races and isolates. The pairs of
parallel lines represent distributional barrviers (see Keast, 1938a).

Note the isolate (9) in the mountains of central Australia.
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Rhipidura fuliginose (Fig. 14) and Pachycephala pectoralis
provide interesting examples of geographic variation in the
vegetation formation oecupiced, coineident with the aequisition
of geographic morphological differences. In different parts of
the range they inhabit rain forest, sclerophyll forest, savannal
woodland, mangroves (and in the case of the latter even mallee)
— see Section XII.

Colonization by New Guinea rainforest species across Torres
Strait has been the main way in whieh new flycatchers have
been added to the Australian avifauna, the group being best
developed in the tropics. Various stages of differentiation from
parental New Guinea stocks oceur in Cape York in the different
species.

Three recent colonizers, confined to the northern tip of the
Peninsula, have yet to differentiate: Monarcha frater, Microcea
griscoceps and Tregellasia lewcops. In Monarcha trivirgata, an
immigrant New Guinea stock (albiventris) oceupies the northern
part of this peninsnla and a well-differentiated Australian form
(gouldi) the southern part. They possibly meet and hybridize.
In Machaerirhynchus flaviventer, the descendents of an earlier
wave of colonization are now isolated in the Cairns-Atherton
rain forests (secundus) and the later ones on northern Cape
York (flaviventer). In the genus Arses there is a similar situa-
tion but in this case the carlier form is now so distinctive that,
though still isolated, it must be regarded as having reached
species status (A. kewpi). The later invader, A. telescopthal-
mus, has itself now differentiated from the parental New Gninea
stock (race lorealis).

There has been some reverse colonization of the savannah
woodland areas of southern New (Guinea by Australian species,
the following having given rise to distinct isolates there: Rhipi-
dura leucophrys (race melalewca), and Microcea lcucophaca
(zimmert).

Hybrid zones do not oceur in the flycatehers except for soue
minor ones in Pachycephala pectoralis (Mayr, 1954a).

There are no nomadic species amongst the Australian fly-
catchers. Four species, however, have migratory populations
in the southeast part of their range. This partial migration
has not prohlibited the development of geographic variation in
these species, two of them having morphologically differentiated
isolates (Riupidwra rufifrons and Myiagra rubecula), and two
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varying clinally (Pachycephala rufiventris and Monarcha mel-
anopsis).

Size and colour clines are developed i most sedentary
Australian fiycatehers that have, on the one hand, an extensive

SEISURA
INQUIETA

Fig. 15. The influence of isolation on south-north elines of decreasing

size. Bergmann’s Rule has a wide application in Aunstralian birds. in the
continuously ranging Khipidura lewcophrys southernmost and northernmost
populations differ in size by 11 per cent.,

In Scisura inquicta, however, in which there is a gap in the range, the
difference is 22 per eent (see Keast, 1958a).

The letters a, b, and ¢ indicate isolated populations of S. tnquiefa.
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south-north range and, on the other, range through areas of
widely diftering rainfall. Thus, size clines occur in Rhipidura
lewcophrys, Petroica cucullata, and Myiayra riubeenla. Scisura
inquieta (Kig. 15) provides an interesting demonstration of
the effeets of isolation on a south-north size c¢line. Southern-
most and northernmost populations in this species differ in size
by about 22 per cent, the range gap being in northeastern
Queenstand. Tu the comparable Rhipidura leveophrys, in which
the range is eontinuous, it amounts to only 11 per cent.

Speciation and radiation in the islands of the southwest
Pacifie are taking place in three ** Australian’ flyeatcher species
(Table 5). These are: Rhipidura rufifrons (Mayr and Moyni-
han, 1946), which has some 20 morphologically ditferentiated
isolates, Petrotea multicolor (Mayr, 1934), with about 12, and
Pachycephala pectoralis (Galbraith, 1956) with over 50. The
Tast-named is the richest of all bird species in number of races
(Mayr, 1954a, p. 11). In addition to the above, the genus
DPctroiea has given rise to many island forms in the New Zealand
area (I'leming, 1950).

Subfamily TIMALIINAE
(Babblers)

The seven members of the Tribe Cinclosomatini covered in
the present review are all inhabitants of the heavily forested
regions except for the arid-country Sphenostowa eristatum and
the mallee speeies Drymodes brunniopygia.

Speciation

Psophodes is composed of two speeies, one (I’. olivaecus)
restrieted to the rain forest and sclerophyll forest regions of the
castern  seaboard aund the other the ‘‘ecologically-versatile’
(. nigrogularis) inhabitating the sclerophyll and mallee of
the southwest, with an isolated relict race in the eastern mallec
tract (lewncogaster). Keast (1958g, Figs. 1 and 2) has sug-
aested a series of steps, associated with major climatic oscilla-
tions, reflected also in Pachyecphala inornata-rufogularis, to
explain speeiation in the genus. These are: (a) a parental stock
formerly ranging right along the southern seaboard; (h) isola-
tion of the stoek into castern and western populations as the
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result of climatie deterioration, and/or edaphie changes; (¢)
ecological and morphological modification of the western popula-
tion, the result of its heing more exposed to the harsh environ-
ment; (d) eastward colonization of the western mallec-adapted
form, now specifically distinet (I”. wigrogulavis); (e) isolation
of P. wigrogularis into eastern and western forms as a result of
the mallee becoming divided into two tracts.

Psophodes is interesting in that it demonstrates a pathway
of adaptation from life in the luxurious coastal forests to that
in the semi-arid mallee. There is evidence that the southwest has
also given rise to dry-country forms in other bird groups.

The genus Drymodes has a surprising distribution, one species
inhabiting the sonthern mallee and the second (basically a New
(Guinea one) the rain forests of Cape York. The latter has, more-
over, a minor isolate some 400 miles to the west on the Roper
River (colcloughi), the only bird species to have an outlyer
confined to this section. The origin of this race, like the circum-
stances of the original isolation of the species themselves, is
obscure.

Orthonyr is composed of two species, O. tenuninckii and O.
spaldingti. The former has a surprising pattern of distribution,
the rain forests of eastern Australia from the [Hlawarra dis-
triet, New South Wales, to the Bunya Mountains, Queensland
(with minor range gaps) and then reappearing, as a distinetive
colour form, 1500 miles to the north in New Guinea. 0. spal-
dingii is confined to the Cairns-Atherton rain forest tract.

The monotoypic Sphenostoma eristatuim shows only elinal vari-
ation.

Subfamily SILVIINAE
(01d World Warblers)

The only Australian representatives of this Palaearctic sub-
family (Mayr and Amadon, 1951) arve Megalurus (2 speeies),
Aerocephalus (1), and Cisticola (2). Acrocephalus and Cisti-
cola are Ethiopio-Palearctic genera.

Speciation

The swamp-dwelling Megalurus gramineus has minor isolates
in Tasmania and in the southwestern corner of Western Au-
stralia, but M. timoricusis, despite an extensive peripheral
range, does not vary geographically in Australia (Keast, 1956b).
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Acrocephalus arundinaccus has distinet western and eastern
forms, whilst there is also possibly an isolate in the Kimberleys
(Mayr, 1948). Cisticola is represented by two species, both of
which have a wide extra-Australian range and are only second-
arily Australian. One of these, C. crilis, has some four colour
forms within the continent and possibly fairly complete isola-
tion as between the populations inhabiting the east and northwest
of the ranges (Lynes, 1930: Keast, unpublished). The other,
C. juncidis, has isolated, differentiated populations in the Nor-
manton and Darwin areas respectively.

Subfamily MALURINAE
(Australian Warblers)

In contrast with the Muscicapinae almost all the members of
the Malurinae oceurring i Australia originated within the
confines of the continent. Those genera that are restricted to
Australia are Epthianurae, with its monotypie derivative Ash-
byia (5 species), Acanthiza (10 species, plus one in the moun-
tains of New Guinea), Amytornis (7 species), Malurus (7
species, plus one in New Guinea), Smicrornis (monotypic),
Aphclocephala (3 species), Pyrrholacmus (monotypie) Hyla-
cola (2 species), Calamanthus (2 speeies), Cthonicola (mono-
typic), Orignma (monotypic), ’yenoptidus (monotypic), Cinclor-
hamphus (2 species), Daspornis (2 species), Stipiturus (2
species), Aeanthornis and Oreoscopus, the last two monotypic
derivatives of Secricornis.

Gerygone (9 Australian species) and Sericornis (5 species)
are equally developed in New Guinea and Australia. The island,
for its part, has several endemic genera that arve close relatives
of those occurring i Australia (e.g., Todopsis).

The Australian warblers are all small, basically inscetivorons,
speeies.  They inhabit either the foliage or ground and low
undergrowth, with most genera being specialized toward one or
the other zone. Acanthiza and Nerieornis, however, have repre-
sentatives i hoth zones. Those that live in the undergrowth
are mostly characterized by long upturned tails, e.e. Malurus,
Amyltornis, Stipiturus and, to a lesser extent, Hylacola. The
Australian Malurinae total 62 species.
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Speciation in the Major (enera

A number of the Australian *‘sylviid”’ genera provide excel-
lent demonstrations of speciation within the confines of the
continent. They can best be considered individually.

E.crocea

i
1
|
|

EPTHIANURA
ALBIFRONS sSuP. sp, ' .

ano ASHBYIA B .

Fig. 16. Distinctive relict races of the chat, Epthianura crocca (numboers
1-4 and spotted areas on map) are isolated in river valleys 800-900 milex
apart. Distribution of this species, rvequiring dense ground cover and suby-
marshy conditions, can only be explained Dy the north of the continent
formerly having been wetter and providing continnous, or near-continuous,
habitat of the right type.

The black cllipse indicates the range of .Ashbyia lovensis, au inhabitant
of the gibber deserts, Though fairly sedentary, its range is continuouns and
restrieted. It does not vary geographically,

Epthianuva albifrons (sce eross-hatehed areas) is somewhat nomadic on
the mainland (see A) and does not vary geographically. Interruption to
gene flow Dy Bass Strait, however, has led to the development of a minor
insular isolate on Tasmania (B).

Epthianura and Ashbyia: This group, reviewed in detail else-
where (Keast, 1958¢), demonstrates the close link between the
type of scasonal movements undertaken hy species and their
tendency to develop morphologically differentiated isolates. Of
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the five species, Epthianura croeca is unique in being sedentary,
widely ranging, and in having highly specialized habitat re-
quirements. It has four isolated and well differentiated popula-
tions in river valleys, respectively 600, 700, and 800 miles apart
in the north of the continent. K. albifrons, somewhat nomadic
and with a coastal and inland distribution varies only in the
msular Tasmanian population. F£. auwrifrons, habitat general-
ized, distribution interior (i.e., wide and continuous), nomadic
but movements varying with arca and seasonal conditions, has
no geographic variation. . fricolor has a generalized habitat
and a continuous interior distribution. Tt is markedly nomadie
and with a seasonal shift in abundance from south to north of
continent.  Breeding habits must accelerate gene flow. There
is no regular hreeding area but it breeds wherever conditions
happen to be suitable. It may breed in antumm in centre and
north of continent as well as in spring in south and it is a
colonial nesting species. No geographic variation occurs., Ash-
byia lovensis is restricted to arid gibber desert in centre ol
continent, a continuous but moderately restrieted habitat. 1t
is fairly sedentary. There is no geographic variation.

The number of morphologically differentiated isolates in the
Australian chats is thus four. Three of these are in Epthianura
crocca (Fig. 16).

Gerygone: Nine of the 15 species in this genus occur in
Australia aud they fall into perhaps 5 species groups. Three
of these (G, palpebrosa, G. maguirostris, and G. chloronota)
are of New Guinea origin. Within Australia the various species
are adapted to habitats ranging from tropical rain forest to
coastal woodlands, mangroves, and the arid interior. They are
typically sedentary forms but two species, Gerygone olivacca
and (. fusea, have (south-north) migratory races.

Npeciation is actively oceurring in the genus. (. olivacea, a
selerophyll forest-savanmah woodland speecies, has isolates in
north Queensland (a minor form), the northwest (rogersi), and
southern  New  Guinea  (ecincrasecns). The New Guinea .
hyporantia, known only from Geelvink Bay, could be an
carly isolate of this species. The rain forest species G. palpe-
brosa is broken up into three fairly distincetive stocks, inhabit-
ing the tracts of this association on Cape York (palpebrosa),
Catrns-Atherton  (johustoni), and Mackay-Rockhampton (fla-
rida). A secound rain forest species, (7. (igata) richmondi has
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isolated stocks  (minor races) in castern New South  Wales-
southern  Queensland  (richmiondi), the Bowen-Mackay area
(amalia), and Cairns-Atherton arca (monkr). The mangrove
speeies, (. lacvigaster, inhabiting the northern coastline from
Derby to Normanton, is broken up into three minor forms
mhabiting, respectively, the mangrove tracts in the following
areas: Derby-Napier Broome Bay (broomei), Port Essington-
Melville Island  (lacvigaster), and the Roper River-Norman
River (inastersi). (. cantator of eastern Australia, a form ap-
proaching the degree of differentiation typical of a species, is
apparently also a derivative of this stock. The distinetive infra-
specific form  tencbrosa, rvanging from Carnarvon to King
Sound, bears a similar relationship to the widely-ranging .
magnirostris (Meise, 1931).

(. c. chloronota of Arnhem Land is an Australian isolate of a
New (ninea speeies.

There are thus some 10 morphologically differentiated isolates
in the genus Gerygone within continental Australia.

A further interesting feature is that several of the ““brown™
species of Gerygone are relatively better differentiated on the
basis of habitat and call notes than they are morphologically.
This particularly applies to (. richmondi, G. fusca, and (.
lacvigaster.

Insular forms of Gerygone ocenr in New Zealand and on
Lord llowe Island (. gata).

Swmierornis: This monotypic genus lacks isotates but shows
marked geographic colour variation, plis a minor south-north
size eline. The occeurrence of the colonr forms in this species
in broad helts from east to west across the continent shows an
interesting correlation with rainfall and temperature. It lhas
sted that speeifie elimatie thresholds may operate to
produce this rather interesting variation of the Gloger Effeet
(Keast, 1958h).

Aphelocephala: The three species in this genus arve, respec-
tively, inhabitants of arid gibber desert (A, pectoralis and ..
wigrocineta) aud savannalt woodland-grassland (.1, leucopsis).
The gibber deserts, occurring mainly in two extensive south-
north tracts, break up the savannah into eastern, central, and
western secetions, leading to minor isolates in the latter species.
The others do not vary geographically.

Aecanthiza: The thornbills extend widely over the continent.
As many as five species may co-exist in an area (e.g., about

been suge
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Sydney) but are nevertheless well differentiated ecologically,
particularly in feeding zone and/or the sub-association oceupied.

Acanthiza presents various interesting situations from the
speciation viewpoint (Mayr and Serventy, 1938). There is a
case of speciation by double invasion, A. cwingi and A. pusilla
diemenensis representing successive waves of colonization of
Tasmania. Well differentiated isolates that could be said to be
approaching species status include A. pusilla katherina and A.
regulotdes squamata in northeastern Queensland.

The total number of morphologically differentiated isolates in
Acanthiza (Table 3) is about 15, most of them minor forms.

In the sclerophyll and savannah woodland species isolates
oceur in: the Cairns-Atherton area (A. pusilla katherina, A.
nana flava); central Queensland (A. reguloides squamata) ;
Tasmania (A, pusilla diemenensis, . ewingt); Mount Lofty
area of South Australia (A. reguloides australis, A. nana lactior,
A. lineata clelandi). There is a form of A. pusilla confined to
Kangaroo Island (zietzi), and the population of A. lineata there
(chandleri) agrees in colouration with that inhabiting Victoria,
not the adjacent areas of South Australia. In addition to the
above, A. chrysorrhoa has a well differentiated isolate in the
region of the Gulf of Carpentaria (normantoni).

The distinetive colour types of . pusilla and A, ehrysorrhoa
inhabiting southwestern Australia are of uncertain origin. They
could represent western outlyers of forest stocks from eastern
Australia, or be derived by local selection (the area is one of
high rainfall) from adjacent dry country stocks (Mayr and
Serventy, 1938; Serventy, 1953). llowever, the southwestern
type of A, pusilla has secondarily extended right across the
continent to New South Wales. 1o this section, accordingly,
the coastal and iuterior races are guite distinet.

The interesting reliet isolates of the ground-dwelling Samphire
Thornbill (L. i{redaler) inhabiting, respectively, the arid in-
terior (iredaler), heath eountry in eastern South Australia
(hedleyr)y, and sawphire adjacent to St. Vineent’s Gulf (rosi-
nae), have been discussed by Condon (1954).

Attention is drawn by Mayr and Serventy (1938) to two
noteworthy characteristics of the speecies A. pusille and L.
chrysorrhoa. They are particularly versatile ecologically, habi-
tats being occupied that range from rain forvest fringes with an
annual rainfall of over 100 inehes per annum, to savannah
woodland, mallee, and mulga, in the 10-incli rainfall zone. Bach
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is split up into a chain of wet, intermediate, and dry country
races.

Serwcornis: The rain  forest-selevrophyll-savannali  woodland
superspecies N. frontalis is divisible into four basie forms whieh,
in that they are largely isolated, may or may not he entitled
to speeies status (Mayr, 1937). They inhabit the southwest
(8. macwdatus) and southeast (8. frontalis) of the continent,
Tasmania (N, hnmilis), and Cape York — New Guinea (8.
beccarit), respectively. S. frontalis and S. maculatus have given
rise to a few hybrid individuals in South Australia (Mayr). S.
maculatus, which occupies the dryer southwestern part of the
continent, is hroken up into 3-4 minor isolated forms, two of
which oceupy the Abrolhos and Recherche Tsland groups, re-
spectively (Mayr and Wolk, 1953).

The rain forest speeies S. citrcogularis and S. magnirostris.
ranging from New South Wales to the Cairns-Atherton region.
each have a minor isolate at the northern end of the range.

Hylacola: This genus contains two species so similar that they
would be regarded as geographic races did they not oceupy
adjacent habitats in one restricted area. Of the two, 1.
pyrrhopygia is an inhabitant of heathy under-serub within
the sclerophylt formations of eastern and southeastern Australia.
The other occupies this type of habitat in southwestern and
South Australia, but in the eastern part of the range inhabits
mallee, The contact zone, in the Bendigo area of Vietoria, is
where the two kinds of habitat come together.

Calamanthas: This genus is broken up into two stocks, a
coastal one (C. fuliginosus) and an iuterior one (('. campestris).
which differ significantly in size and colour. The two are largely
isolated but intergrade in the Eyre Peninsula and (oorong sec-
tion of South Australia. . campestris moving down dry corri-
dors into the ecoastal habitat of (. fuliginosus. The latter has
minor isolates on Tasmania and in southwestern Australia.

Amytornis: This distinetive genus constitutes one of the few
true desert groups in the Australian avifauna. the various
species being basically inhabitants of Triodia (poreupine grass).
Their habit is secretive and they keep low down. Dense con-
tinuous cover is the prime requisite. Distribution tends to be
hroken up into **pockets.”” Dispersive capacities are poor.

There are two species groups: (1. textilis and A. striatus.

The genus is remarkable (Keast, 1958h) for: (a) Bizarrve
changes in bill-form, from that typical of an insect-cater to the
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heavy ‘‘seed-grindiug,”” finchi-like type oceurring in the A. tert-
ilis group (Fie, 17). The degree of size and colowr variation as
between species in the .. striatus group (Fig. 18), is also ex-
ceptional. The two species groups exhibit evolutionary changes

AL textilis  purnelli

A. modestus

A. goyderi

AMYTORNIS TEXTILIS

SUPER SPECIES

Mg, 17. Differentiation in bill form coincident with speeiation in desert
grass wrens of the dmytornis tertidis group. The three species show sue-
cessive stages in the transition from an insectivorous to a granivorous type
of bill.

reminiscent of those seen iu the Galapagos and IHawaiian archi-
pelagos. () There are no fewer than 4 isolated populations, so
distinetive morphologically that they must be eenetie speeies,
vet each known from only a single locality: A. goyderi (lower
Macumba River, north of Lake Eyre), A. dorotheae (MacArthur
River. Gulf of Carpentaria), .A. woodwardi (Alligator River,
Arnhem Land), A, housed (Charnley River, in the Kimberleys).

Amytoruis provides one example of secondary overlap by
newly evolved speeies: te.. A1, modestus and .. teatilis in the
Macedonnell Ranges. The two obviously originated in the cast
and west of the continent, respectively.

Geographie variation in the habitat oceupied oceurs in Amytor-
uts striatus and -1, fertilis (Figs. 17a and 18a). The former, a
widely distributed “‘parental’ species occupying a range of
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habitats, has budded off' a series of species around the periphery
of its range that occupy rocky gorges only. In the A, tertilis
group there is the alternative situation of this species, ocenpying
the western half of the continent, and the ecastern oA, modestus,
cach somewhat versatile in choice of habitat, separating out

AL textibis

RUGGED

MOUNTAIN MOUNTAIN

GORGES AND <2 VALLEYS
PLATEAUX AND

A modestus

B A goyderi

SPINIFEX
PLAIN

OPEN PLAIN
(SPINIFEX 7)

scrus /!
AND

THICKETS SCRUB AND
TREES

SALTBUSH

AMYTORNIS TEXTILIS
SUPERSR

.
PORCUPINE GRASS
IN MALLEE

Fig. 17a. Ldmytornis textilis group of desert grass wrens, Distribution
of species and their geographie variation in habitat iy shown. The black
square indieates the restricted range of the heavy-billed A. goyderi (now
probably extinct.) .1, textilis and . modestus, relatively similar western
and eastern counterparts, secondarily overlap in range (without interbreed-
ing) in the mountains of central Australin. Each frequents a range of
habitats exeept in the overlap zone, where one keeps to the rugged gorges
and the other to the valleys. Here .{. modestus is probably the secondary
invader.

The letters refer to minor racial forms ot .{. fextilis, and the numbers to
those of A. modestus.

where their distributions meet. Thus. in the Macdonnell Ranges
in central Australia, the former keeps to the vock surfaces of
the gorges and plateanx and the latter to the areas of soft
spinitex on the valley floor.
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The isolated derivatives of .l. strwatus (A. dorotheae, ..
woodwardi, and 1. housei) conld only have reached their pres-
ent range at a time when desert (spinifex) replaced savannah
erassland  (an unsuitable habitat in that it lacks permanent
cover).

COLOUR KEY

CHESTNUT

R OR RUFOUS
INDEFINITE 111
UL arowns M

Fig. 18. Members of the dmytornis striatus superspecies to show the
acquisition of striking size and colour differences. Though isolated, these
forms have diverged morphologically to such an extent that there ean be
little doubt that they are genetic species.
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Dasyornis: The two species, D. broadbenti and D. brachyp-
terus, whose habitat is dense coastal undergrowth, have a dis-
continuous and relict distribution, each being isolated into two
distinetive stocks, a southeastern and a southwestern one (see
figure in Keast, 1957b). The southwestern forms are virtually
extinet today.

ROCKY RIVER GORGES

PORCUPINE GRASS ON
SAND PLAINS

PORCUPINE GRASS
IN STONY GULLIES
1

PORCUPINE GRASS
ON STONY HILLS

XY

HIGH RANK
GRASS IN TUFTS

AMYTORNIS STRIATUS

SUPERSP CLUMPS OF PORCUPINE

GRASS IN MALLEE

Fig. 18a. The range of the various forms in the A. striatus superspecies.
The parental A. striatus (1, a-d) extends widely through the arid and
semi-arid interior, whilst the distinetive derivatives .i. dorotheae, A. wood-
wardi, and A. housei (2, 3, 4) are isolated in the rocky gorges of the
McArthur, Alligator, and Charnley Rivers, respectively. The habitats oe-
eupied in different areas are shown on the outside of the map, vegetation
formations that constitute distributional barriers on the inside.

The three northern species ecould only have reached their present position
at a time when desert spinifex grassland was continuous through to the
northern seaboard.

Stipiturus: A single superspecies is involved here, there being
three major, isolated, stocks falling into two species. Their dis-
tribution is shown in Figure 19.

Stipiturus is an interesting genus in two ways: (a) because
of the large number (5) of morphologically differentiated iso-
lates in the species S. malachurus. These, occupying shrinking
areas of specialized coastal habitat and eut off from the main
stoek in southeastern Australia, occur as follows: — Tasmania
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(littlert), Kangaroo Island (halmaturinus), Mount Compass area
of South Australia (infermedius), southwestern Australia
(westernensis), and Dirk Hartog Island (hartogi). (b) It pro-
vides an interesting demonstration of an ecological transition

Pivg

\ habitat
versatility

\\\\\\\\\\\\\\\\\‘ S. m.

malachurus
wet te arid d

S.m.

malachurus

STIPITURUS wet
MALACHURUS E

SUPER SPECIES

Fig. 19. Isolation, speciation, and habitat differentiation, in emu-wrens
of the genus Stipiturus. S. malachurus (1), a seeretive species requiring
dense undergrowth, is broken up distributionally into a series of minor
isolates around the periphery of the continent (sec a-f).

Distributional barriers are areas of open country and sea. Distinetive
isolated forms, approaching or that have reached species status (8. mal-
achurus mallee — 2, and S. ruficcps—3), oceur in semi-arid and arid
mallee and spinifex desert areas, respectively.

Eastern populations of 8. malachurus are limited to sub-marshy areas, but
in the southwest, where coastal undergrowth and spinifex lic in eclose
proximity, adjacent populations demonstrate the complete ecological tran-
sition to life in arid places.
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from life in well watered coastal areas to that in arid spinifex
desert.

The three forms oceupy quite distinet habitats: S. malachurus,
submarshy coastal heathlauds and thickets (basically), S.(mala-
churus) wallee, the mallee, and N. ruficeps, desert spinifex. S.
malachurus does, however, vary geographically in the habitat
oceupied. In coastal New South Wales, Vietoria, and Tasmania,
submarshy areas of rank grass and heath (40-inch rainfall zone)
are inhabited. On Kangaroo Island the habitat is dry under-
erowth, including thiekets on stony hills (25-inch rainfall zone).
[n the southwest of the continent the species extends from the
coastal regions out through the regions of semi-arid to arid scrub
aud undergrowth towards the 10-inch rainfall isohyet.

Malurus: This genus with 12 Anstralian species forms a com-
pact group. All are sedentary, somewhat gregarious, and ocenpy
habitat of the shrub or rank grassland type in different parts of
the continent. Speeiation is actively oceurring.

Malurus falls into five species groups: M. eyaneus-melanotus-
callainus-splendens, 3. lawmberti, M. leweonotus, M. melanotis,
and M. coronatus. The first two are particularly interesting from
the viewpoint of speciation.

Malurus eyancus-melanotus-callainus-splendens group of wren
speetes (Fig. 8). These forms occupy broad, mutunally exclu-
sive zones and different habitats, from east to west across the
continent. Three of the four have reached that stage of colour
pattern ditferentiation typical of genctic species. The habitats
occupied, however. the common denominator of which is dense
shrubby cover, could be deseribed as being as distinet in terms of
vegetation type and climate as ‘‘proven’” species in other genera.
The only possible zone of contact between the four forms, how-
ever, Is in New Sonth Wales, where riverside thickets (oceupied
by M. eyancus) and mallee (oceupied by M. melanotus) approach
cach other. The relationship between habitat occupied and
speciation in this and other groups is disenssed in Section VII.

Within the M. lamberti group, distinet forms oceupy the fol-
lowing areas of the continent (Ifig. 20): (a) arid interior of
continent (mastersi), (h) well-watered coastal fringe of New
South Wales (lamberti), (¢) mallee and ereekside thickets in
western New South Wales (asstmilis), (d) high-rainfall coastal
corner of southwestern Australia (elegans), (¢) ‘‘intermediate’”’
country in southwestern Australia and on Eyre Peninsula (pul-
cherrimus), (f) tropical Cape York (amabilis), (g) tropical
northwestern Australia (duleior). In addition there is a minor
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colour isolate on Bernier Island, northwestern Australia (ber-
nieri).

Sinee the seven geographically representative forms largely
replace eacl other, and have diverged only a minor to moderate
extent morphologically, there has long been doubt as to their
status. A field study in southwestern Australia hy Serventy

MALURUS LAMBERTI ¢ o
GROUP

Fig. 20. Distribution of species and forms in the Malurus lamberti group
of chestnut-shouldered wrens. Speciation and variation in this group are
highly complex and incompletely understood.

In the southwest of the continent three distinctive colour forms, occupying
adjacent zones behave as good species to cach other. These are: Malurus
elegans, M. pulcherrimus, and M. lamberti mastersi. Three colour forms
in the east, also occupying zones of decreasing rainfall, intergrade where
they meet (see H). These are the races M. lamberti lamberti, M. 1. assimilis,
and M. . mastersi.

Two distinetive forms in the northwest and northeast of the continent
ave isolated from each other and, apparently, from the desert mastersi. Their
genetie status is unknown but, in view of the faet that they differ to as
great a degree as clegans, pulcherrimus, and lamberti, they are best regarded
as taxonomic speceies.,

The group thus contains three proven species, and possibly five,
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(1951), however, has surprisingly demonstrated that the three
forms occeurring there (clegans, puleherrimus, lamberti mastersi),
despite being fairly similar in colour, overlap in range and be-
have as good species toward each other. In contrast with this
sitnation, the three morphologically and ecologically equivalent
forms in the east (lamberti lamberti, 1. assvmnilis, I mastersi)
intergrade in southern Queensland where the dry country ap-
proaches the coast (Mack, 1934b). This contact is probably
secondary.

The Cape York and Arnhem Land representatives of the group
(amabilis and duleior) live in relatively wet areas and are ap-
parently isolated from the desert mastersi by a considerable
range gap, deficient in ground cover. They are at least as distinet
morphologically from each other and from mastersi as are elegans
and  pulcherrimus.

The evolutionary situation in the chestnut-shouldered wrens
is thus a highly interesting one. There are three proven species,
plus two isolated forms sufficiently distinet morphologically to
suggest that they could not suecessfully interbreed.

The zonal nature of the distribution of M. elegans, M. pulcher-
rinaes, and M. lamberti mastersi, in southwestern Australia is
presumably a secondary phenomenon. M. elegans could, coneeiv-
ably, have come from the ecast, colonizing around the coastline.
M. puleherrinues has an outlyer on Eyre Peninsula (i.e., like the
other southwestern species ('limacteris rufa and EKopsaltria aus-
tralis |yriscogularis).

The other species groups i Malurus have one morphologieally
ditferentiated isolate each, as follows: M. lewconotus (one on
Dirk [lartog and Barrow Islands), M. meclanocephalus, a species
with an castern and northern coastal distribution (one in north-
western Australia), and M. coronatus (one, possibly, in the coun-
try at the liead of the Gulf of Carpentaria).

Speciation in the Subfamily Malurinae, Summarized

There are three instances of secondary range overlap by ‘‘newly
evolved ' species: leanthiza cwingi — A, pusilla dicanenensis in
Tasmania, and Malwrus clegans — M. puleherrimus — M. lam-
berti mastersi, in southwestern Australia.

Isolates that have reached such a stage of morphologieal dif-
ferentiation that they must be good genetic speeies oceur as
follows: Gaorygone, 2: Admylornis, 45 Stipiturus, 1 or 2; Malurus,
4-5. Total: 11-13.
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Morphologically differentiated isolates of lesser degree total
61 (Table 3), 16 of which could be said to have reached a mod-
crate stage of differentiation. This is over one per speecies. It
reflects the relatively poor dispersive eapacities of the majority,
their local habits, teudeney to keep to dense cover, and fairly
specific habitat requirements.

Iybrid zones occur in Nericornts maculosa-frontalis, and be-
tween the eastern forms in the Malwrus lainberti complex.

Sonte 23 malurinid speeies do not vary geographically, but
some 21 of these have such restricted ranges that this would not
be expected, e.g., Acanthiza cwingi, Origina rubecula, and Oreo-
scopus gutiuralis. The remaining two (Epithianurae tricolor and
2. aurifrons) ave nomads.

Colour and size clines oceur i several malurinid species,
especially in those belonging to the genus Acanthiza. Smicrornis
brevirostris has both. In the genus Amytornis, however, coinei-
dent with speciation, these trends may be reversed.

Gerygone maynirostris, (. palpebrosa, and (. chloronota, that
extennd through to New (fuinea, have minor isolates in that region.

Family ARTAMIDAE
(Wood-Swallows)

The six Australian Wood-Swallows (4 of them endemie) are
aerial feeders and hence arve strong on the wing. Most of them
range widely over the continent.

Speciation

The development of geographic variation in this group in as-
sociation with seasonal movements has been reviewed by IKeast
(1958¢). In only the single sedentary species (. eitnercus) is
it marked, but isolation is lacking. Two migratory species have
winor elinical variation, .1, lewecorh 1/)1('/11{\ and cyanopterus. The
remainder, strongly nomadic speeies, do not vary at all geo-
eraphically.

AL lewcorhynchus, in an extra-Australian range extending from
the Andamans and Philippines to I'iji and Palau. has some 9
distinetive isolates.

Family SITTIDAE
(Nuthatches and Australian Tree-Creepers)

This family, as now constituted (Mayr and Amadon, 1951),
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contains two genera in Australia, Climateris and Neositta, eco-
logical counterparts, respectively, of the creepers and nuthatches
of the Palaearctic. The species are highly specialized ecologi-
cally, gaining their insect food from fissures and cracks in the
trunks and branches, though some members of Climacteris
picumnus group have taken secondarily to feeding from the
eround. Climacteris has six species in Australia, one extending
to New Guinea. Neositta is now regarded as being composéd of
only one species (Mayr, 1950b — See Figure 21).

NEOSITTA CHRYSOPTERA

GROUP

N.c.chrysoptera

Fip. 21. Neositta chrysoptera superspeeies, a case of multiple hybridiza-
tion at contact fronts (Mayr, 1951). In this case distinetive forms have
developed in various parts of the eontinent, ineluding the southwest, north-
west, Cape York, central Queenslaud, and southeast. Secondarily, however,
outward extension of range has occurred, particularly from the northwest
and southwest (see white arrows). Zones of hybridization (see letters II)
connect a number of the forms today.

Necositta is significant in two ways: as an example of multiple hybridiza-
tion, and in that relatively great morphological differences have been at-
tained without reproductive isolation. Thus, head colouring may be brown
(indicated by close cross-hatching), black, or white. Body striations may
be absent. The bill may be black or yellow. The wing bar may be orange
(sparse eross-hatehing) or white.

Climacteris has species 11 a range of habitats but Neositta is
essentially a species of sclerophyll forests and savannah. All
species are sedentary.
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Speciation

Climacteris 1s composed of three species groups (Keast, 1957e).
Most interesting of these is the C. picumnus group of savannah
woodland species and forms (IFig. 22). C. picumnus proper in-
habits the southeast and its distinctive isolate, C. picumnus
melanotis, the northeast. (. rufa, an isolate so distinctive that
it must be regarded as having reached species status, occupies
the southwest and has a minor derivative on Eyre Peninsula.
C. melanura inhabits the northwestern sector and has a deriva-
tive (wellst) in the Hamersley section of the central west. There

COLOUR KEY
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W srown

RUFOUS

m. wellsi

CLIMACTERIS PICUMNUS ¥

SUPER SPECIES

Fig. 22. Isolation and speciation in the Climacteris picumnus group of
savannah-dwelling tree-creepers. There is a distinctive form corresponding
to each of the major savannah woodland belts on the continent. In contrast
with Neositta, though there has been outward range spread, secondary con-
tact has oceurred only in the north. Here, however, there is no hybridization,
showing that specific distinetness has been attained.

The southwestern form, C. rufa, ean, in view of its distinctiveness, best
(from the taxonomic point of view) be regarded as a species.

The blaek arrows on the outside of the map indicate the distributional
barriers, each a dry to arid section from which the necessary habitat is
absent. The arrows within the map indicate major sccondary range exten-
sions.
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is thus a chain of six forms, each centred on a hilly or moun-
tainous ‘‘refuge’” arca. All remain isolated except at the head
of the Gulf of Carpentaria where C. mclanura has seeondarily
extended its range to meet and co-exist with C. picumnus mela-
nolis, without interbreeding. Within the group there is, aecord-
ingly, the full range of stages in the speciation process from
minor isolates to a newly-evolved species.

C. lcucophaca, making up the second speeies group is a mon-
tane species in New Guinea (3 isolates), and a rain forest-sclero-
phyll forest species in eastern Australia. IHere it has two
morphologieally differentiated isolates, a distinetive one in the
Cairns-Atherton region (minor), and a lesser one in the Mount
Lofty Ranges (griscscens). The third species group is composed
of two species, C. crythrops (inhabiting mountain selerophyll in
the east) and (', affinis (mulga desert).

Climacteris provides one of the best demonstrations of dif-
ferentiation and speciation in refuge areas. These same tracts of
country also function as refuge areas in other groups, e.g. parrots.
nuthatches,

Ncositta provides a most interesting contrast with Climacteris
in that (though differentiation has again occurred in these refuge
areas) the various isolates have secondarily reunited to form
hybrid zones (Mayr, 1950b). The genus has a chain of forms
around the periphery of the continent, as follows: southeast
(chrysoptera chrysoptera), southwest and south (pilcata), north-
west and north (lewcoptera), northeast (striata), central east
(albata, leucocephala, ete). Neositta provides a splendid example
of multiple hybridization (intergradation) along contact fronts
(see Section X)), and is surprising for the degree of differentia-
tion achieved without the attainment of reproductive isolation.
The morphological characteristies, ranges, and approximate areas
of hybrid zones in Neositta are shown in Figure 21. Differentia-
tion of forms has occurred in the same areas as in Climactcris,
exeept that Ncositta laeks them in the lHamersley and Eyre
Peninsula sectors and has several in eastern Queensland.

('linal variation oceurs in various Australian Sittidae.

Family DICAEIDAE
(Flower-seekers and Pardalotes)

This family, in Australia, falls into two genera, the endemic
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and somewhat aberrant Pardalotus (7 species) and Dicacum (1
species). The latter is well developed in southeastern Asia, Indo-
nesia, New (uinea, and islands of the western Pacific. Dicacum
hirundinaecun, the Australian representative, is itself the end
member of a superspecies extending through from Asia.

Pardalotus oceurs throughout Australia. P. punctatus inhabits
the sclerophyll forests of eastern and southern Australia and has
given rise to . quadragintus in Tasmania and to the mallee
species, I wanthopygus. P. mclanocephalus mainly inhabits the
tropical savannah woodlands. . rubricalus is a savannah grass-
fand-arid country species. The remaining species live in dry
sclerophyll forest and savannah woodland, with a distinet ten-
deney to oceur along vivers. Dicacwin hirundinaccum occurs
throughout the continent and has an extremely wide habitat
tolerance.

Dicacum is highly nomadic. Pardalotus striatus has a south-
north migration. Other pardalotes, inhabiting the dryer areas,
are apparently partial nomads,

Speciation

Pardalotus contains an instance of speciation by double inva-
sion (into Tasmania), P. quadragintus representing the carlier,
and the endemic race of P. punetatus (lcachi) the later one.
Apart from this; the only differentiating isolates in the group
are the insignificant southwestern form of P. punctatus and the
porthwestern one of . miclanocephalus.

The puzzling status and relationships of Pardalotus substri-
atus, P.ornatus, and P. slriatus, tavgely geographically repre-
sentative forms recognizable only on minor grounds, have been
discussed by Hindwood and Mayr (1946) and Serventy (1953).
The first of these extends widely across the southern two-thirds
of the continent, the second through a broad south-north zone
i the east, and the third is confined to Tasmania and the south-
castern coastal strip of the mainland. The three overlap in
eastern Australia but, despite their morphological similarity and
the absence of habitat differences between them, only 1.8 per
cent of the specimens are morphologically intermediate. i.c.
hybrids, according to the findings of Ilindwood and Mayr.
Serveuty (1953), however, interprets the evidence differently.
saving that erwalus is itself nothing but a hybrid form. He
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also draws attention to the existence of a speeimen from south-
western Australia that has a yellow wing speculum (a charac-
teristic of the southeastern striatus) as indicating the presence
of occasional genes of that species in the far west. Serventy
suggests that all the “‘striped-crowned’ pardolates, hence, prob-
ably belong to a single species. In any event, there can be little
doubt that . substriatus orviginated in southwestern Australia
and P. striatus in Tasmania. A high proportion of the latter
oceurring in eastern Australia are winter migrants.

P. melanocephalus is the northern representative of the group.
It obviously originated in the northwest or north and has sec-
ondarily spread southwards to overlap the range of PP, sub-
striatus.

The ecology of Dicacum hirundineccum, its intinate relation-
ship with the mistletoes (Loranthaccae), and the influence of
these on its potential for developing geographic variation have
been discussed by Keast (1953d). Loranthus bervies form the
main food of Dicacum, and the hird undertakes extensive scasonal
movements coincident with the fruiting of the plants. This may
be i spring, summer, autumn, or winter, in different arecas. Its
breeding is also linked to the berry crop. The occurrence of
mistletoes in all the main forest and serub associations explains
the wide range of vegetation formations inhabited by Dicacun.
The bird is a major disseminator of Lorauthus.

D. hirundinaccum has only negligible geographic variation in
Australia.  Where, however, the nomadic habit has been lost
(i.e., in the colonizing of the Aru, Kei, and Tenimhber Islands),
distinctive insular isolates oceur.

Family MELIPHAGIDARE
(Honeyeaters)

This is an Australo-Papuan family of about 150 species, some
67 of which ocenr in Australia. Their common character is the
brush-tongue and. thoueh primavily insectivorous, unectar is
prominent in the diet.

Of the 20 or more genera occurring in Australia, 12 obviously
originated here: Melithreptus, Plectorhynchus, Certhiony.r,
Aecanthorhynchus, Gliciphila, Ramscyornis, Granticlla, Conopo-
phila, Zanthomiza, Phylidonyris (with Meliornis), Manovina
(with Myzantha), and Anthochacra-Acanthagenys.

At the species level all are appavently Australian with the
exception of about 13 that are recent immigrants from New
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Guinea, or are obviously derived from such. The majority of
the 23 species of the large genus Meliphaga occurring in Aus-
tralia are endemic.

Honeyeater species are specialized for life in the full range
of vegetation formations and the degree of ‘‘habitat tolerance”
of any one is commonly limited. Many species are sedentary but
‘‘blossom nomadism,”’ of limited amplitude, is widespread. A
few species, especially Grantiella picta, Certhionyx varicgatus,
Myzomelia nigra, are highly nomadie. Meliphaga chrysops and
Melithreptus lunatus are partial south-north migrants in the
southeastern part of their range.

Speciation

The Australian Meliphagidae contain examples of a wide range
of speciation phenomena, including two instances of triple in-
vasion, one of re-invasion, and several demonstrations of sec-
ondary range overlap by recently evolved species. There are a
considerable number of minor instances of isolation and differ-
entiation.

(a) Instances of Recently Completed Speciation
and some Special Phenomena

(1) Melithreptus lunatus and M. albogudaris, a case of sec-
ondary rauge overlap in peripheral sclerophyll-savannah wood-
land species (Iig. 23). These two species are so similar that,
if they did not co-exist over an extensive area, they would rank
as no more than minor geographic races. Both are strietly
peripheral in range, mhabiting sclerophyll forest and savannah
woodland. M. lunatus is southern and eastern in distribution,
M. albogularis northern and eastern. The overlap area extends
from Cairns to the Richmond River, a distance of 1,000 miles
(lng. 23).

Interest in this case lies in: (a) circumstances of the original
isolation and hence speciation: (b) how it is possible for two
such similar speeies to co-exist.

There can be little doubt that /. albogularis developed in the
Kimberley-Arnhem Land sector of the northwest, that is to the
west of the Gulf of Carpentaria. A recent eastward extension of
range by various northwestern bird species and races has beeu
noted (Keast, 1956a). M. albogularis, however, has followed
this with a great range extension southwards through the coastal
forests of eastern Queensland.
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Fig. 23. Speciation in the Melithreptus lunatus group of savannah wood-
land — sclerophyll forest honeyeaters.

M. lunatus (1 — stippled areas) is related to the others as follows: M.
albogularis (2—see cross-hatehing), barely distinguishable on morphologieal
grounds, mainly inhabits the north of the continent but overlaps the range
of M. lunatus in eastern Australia by about 1,000 miles. M. affinis (3 —
range shown in black), is a distinctive Tasmanian isolate. M. lunalus
chloropsis (4 — heavily spotted area), a long-billed isolate in the southwest,
has reached a lesser degree of divergence.

There can be no doubt that the sibling species M. albogularis originated
in northwestern Australia (or possibly even New Guinea) and that its
oceurrence in eastern Australia is secondary. In at least part of the overlap
area it occupies a different habitat to M. lunatus.
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M. lunatus and . albogularis oceupy slightly different areas
in the overlap zone. The former occurs only on the tops of the
ranzes and the latter only in the lowlands (Barnard and Bar-
nard, 1925; Barnard, 1926). Several other southern bird species
are restricted to the higher country in the northern parts of their
range, e.g., Meliphaga lewini and Daeclo novaecguincac. In col-
onizing southwards, M. albogularis may aecordingly have been
able to move, partly unimpeded by competition, through the
fowlands.

The fleshy orbital ring is a vivid orange eolour in the eastern
race of M. lunctus. In other members of the genus, and in the
southwestern race of this speeies, this area of the body is a
drab white, greenish, or pale blue eolour. The character could
have an important role in helping to prevent bybridization with
the superficially similar 3. albogularis.?

(1) Mcliphaga lowini, M. notata, and M. gracilis, a case of
triple invasion by rain forest species from New Guinea (Fig
24). These three speeies have the same colouration and eolour
pattern and ohviously ave derived from a eommon New Guinea
stock. The chief ditferenees are in size, M. lewini being the
largest and M. gracilis the smallest, and in the relatively long
bill of M. gracilis. M. lewini does not have a close counterpart in
New Guinea, whereas M. notata shares a semi-species relation-
ship with . aualoga there (Rand, 1936), and M. gracilis, in
Australia, is only racially distinet from its parental form.

M. lewind, the species with the southernmost range (Dande-
nongs to the Cairns-Atherton area), has obviously had a fairly
long history in Aunstralia. By contrast, the bifurcation of
analoga-notata from gracilis must have taken plaee in New
tuinea. 1. nolata and Jl. gracilis are now each broken up into
two populations in Australia, inhabiting the Cape York and
Cairns rain forests, respectively.

Where the three species overlap, M. lewini oeeupies the high-
lands and 2. notata the lowlands (Barnard, 1926). The long-
billed 3. gracilis is also a lowland dweller.

1 Brown and Wilson (1956) might regard this as an example of a character
being maodified as the result of contact between two closely related species.
Against this, however, 1s the argument that the red orbital ring is typical of
M. lunatus ﬂuuu{,huut its eastern range, not just where it meets . albogularis.
There would seent to be no doubt that the latter is the invader.

Actually there is relatively little evidence of modification to, or reinforcement
of, a morphological cliaracter in zones of contact between closely related species
in Australian birds — though see Meliphaga vireseens-versicolor.
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Fig. 24, Triple invasion of Australia by similarly coloured New Guinea
rain forest honeyeaters of the Alcliphaga lewini — notata — gracilis group.
The distinetive endemic spectes M. lewini (1) obviously represents the first
wave. M. notata (2), the second arrival, ranks as a semi-species with M.
analoga of New Guinea. M. gracilis (3), the most recent arrival, is only
racially distinet from its New Guinea parent.

M. lewini and M. notata oceupy different sub-zones where they overlap, the
former keeping to the highlands and the latter to the lowlands. M. lewini
has a south-north cline of increasing bill length and decreasing wing length.
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(i) Meliphaga viresecens and M. versicolor, a case of speeia-
tion in New Ciuinea and reinvasion of the Australian continent
into a new habitat (Ifig. 25).

Wi j/MELlPHAGA/
/// /%// YIsIads
. -
/

Fig. 25. Mecliphaga virescens superspecies, a ease of speciation by ‘‘re-
invasion.”” The parental species has a wide range through the arid interior
of Australia. It only enters mangroves in the west where conditions are
dry. The New Guinea derivative, M. versicolor, has re-invaded the eontinent
(sec black arrows) to colonize the unoceupied eastern mangroves. It does
not go beyond the forest fringes adjacent to the mangroves and henee has
a range parallel to, but not overlapping, that of M. virescens.

The dotted arrows indieate the range of an earlier specialized derivative,
M. fasciogularis, a species inhabiting the more southern mangroves of eastern
Australia.

The numbers indieate geographie races of M. versicolor.
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M. wvirescens, a widely ranging savannah grassland-mulga
species, varies clinally in colour and size. M. versicolor has three
forms, one inhabiting northern New Guinea that is barely dis-
tinguishable from typical rirescens, one in the Milne Bay area
that is intermediate, and one in southern New Guinea and Cape
York that has aecentnated colouring and is markedly distinet
from vireseens. Nevertheless, all would rank as one species were
it not for the fact that M. vireseens and M. versicolor oceur to-
gether, without interbreeding, on Cape York.

M.versicolor obviously represents a branch of M. virescens that
beecame isolated in New Guinea and there built up genetic and
morphological ditferences from the parental stock. The habitat
relationships of the two are interesting. M. wvirescens extends
throughout the dry parts of the eontinent but does not penetrate
into the wet eastern coastal strip. In the dryer west, however,
it does oceupy mangroves. On Cape York it is confined to the
dryer savannahs of the western side. M. wveriscolor, a ecoastal
species in New Guinea, has invaded Australia into the offshore
mangroves of eastern Cape York.

The mangroves of southeastern Queensland are occupied by a
third rvelated species, 3. fasciogularis. This is isolated from
M. virescens by the wet coastal forests but overlaps M. versicolor
in range without interbreeding.

(iv) Philemon argenticeps and . novacguineac, a case of
triple invasion from New Guineca (IFig. 26).

The friarbivrd Philemon (molucecnsis) novaecguincac has a
wide distribution through the islands to the north of Australia.
It has invaded the Australian continent three times, the earliest
wave giving rise to the savanunah dwelling P. argenticeps, and
subsequent ones to P. novacguincae gordoni and P. n. yorki in
the mangroves (mainly) of Arnhem Land and ecoastal savannah
woodlands of Cape York, respectively. The degree of morpho-
logical distinetness of the forms is only moderate and were it
not for their co-existing they would only rank as races (Mayr,
1944a, p. 167). P. argenticeps, the earliest arrival, is now well
adapted to the dry country and extends well south into it.

(v) Dry eountry Meliphaga species of the eratitia-plumula-
ornata-keartlandi-flavescens-fusca groups, examples of ‘‘refuge
area’’ differentiation and speciation.

These species fall into two or three species groups, the members
of each of which tend to occupy different segments of the fairly
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Fig. 26. Speciation in the genus Philemon (Meliphagidae). I’. norvac
guinecae has invaded Australia from the north three times. The first coloniza-
tion (mow . argenticeps), adapted to dry savannah forest, has reached
specifie distinetness, as shown by its non-hybridization with later arrivals.
Subsequently, there ave been parallel waves of colonization into the north-
west and northeast, respectively (norvacguinear gordoni and n. yorki). The
latter two keep to the mangroves amnd wetter coastal savanah.

The lower map demonstrates a case of the reverse process, eolonization of
the savannah woodland areas of southern New Guinea by the Australian
savannal species, Philemon citreogularis.

The insular population has now
reached race status.
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dry (mainly savannah woodland-grasstand) parts of the con-
tinent. Their ranges, however, may be marked by broad over-
laps today. Ilabitat differences are often present but ill-defined,
with equivalent plant associations being ocenpied by different
species as between north and south, or east and west.

Current distribution patterns indicate that species arose in
the east (fusca), north (flavescens), and south (eratitia, ornata
of the continent.

(vi) Myzantha flarigula and M. melanotis in the Vietorian
mallee.

This puzzling case has been disenssed by Serventy (1953).
In southwestern Australia the widely ranging, savannah wood-
land-grassland 1. flavigula is connected clinally with a darkly
pigmented race in southwestern Australia (obscura), inhabiting
the eoastal high rainfall zone. In the Victorian mallee, however,
where a similar colonr form (melanotis) oceurs, it behaves as a
distinet breeding unit co-existing, bhut not hybridizing, with M.
flavigula.

The eircumstances of the original isolation of M. melanotis ave
obseure, unless the species is of southwestern origin.

(vii) The semi-species Hcliphaga melanops and M. cassidir,
secondary contact without interbreeding.

These two species are so similar morphologically that they ean
only doubtfully be distinguished in the ficld. M. melanops has
a fairly wide range in the sclerophyll forests of eastern Aus-
tralia and it approaches and apparently meets . cassidiz
(restricted to the Dandenong vegion of Vietoria), along the
periphery of its range without interbreeding — see analysis of
Wakefield (1938). M. mclanops is apparently a secondary in-
vader of southern Vietoria.

(h) Morphologically Diiterentiated Isolates

The following are examples of geographically representative
species, le., isolates that arve so distinetive that they must now
be genetic speeies:

(1) Anthochacra paradora (Tasmanta). Parental stock: .
carunculata inhabiting the selerophyll forests of sonthern Aus-
tralia.

(i) Mcliphaga flavicollis (Tasmania). Parental stock: 1.
lewcotis, inhabiting sclerophyll and mallee in sonthern Australia.

(i Melithreptus affinis (Tasmania). Pavental stock: M.
lunatus of the sclerophyll forests of southern Australia.
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(iv) Mclithreptus validivostris (Tasmania). Parental stock:
M. gularis, inhabiting savannah woodland and dry selerophyll
in southern Australia. This form is somewhat less distinetive
than the others and is probably not speecifically distinet.

(v) Aecanthorhynelius superciliosus (sclerophyll forests of
southwest eorner). Parental stoek: A. tenwirostris of south-
eastern and eastern sclerophyll forests.

(vi) Meliphaga notata (rain forests of northeastern Aus-
tralia). Parental stock: 1. analoga of New Guinea (see previous
diseussion).

(vil) Meliphaga maclcayana (Cairns-Atherton rain forests).
Parental stoek: M. chrysotis of New Guinea, now sccondarily
established in the rain forests of Cape York.

The total number of morphologically differentiated isolates in
the Australian Meliphagidae will be seen in Table 3. These, if
weographically representative speetes are exeluded, total 18, and
oecur in 12 speeies, as follows:

Mclithreptus lunatus, selerophyll forest, 1, well differentiated ;
Myzomela erythrocephala, rain forest and mangroves, 1, major
form; M. obscura, rain forest and mangroves, 1, minor form;
Aeanthorhynchus tenuirostris, selerophyll forest, 2, minor forms;
Mecliphaga notata, rain forest, 1, minor; . gracilis, rain forest,
1, minor; M. flavesecns, tropieal savannal woodland, 2, both
minor; Phylidonyris pyrrhoptera, sclerophyll, 2, both minor;
P. novae-hollandiae, selevophyll, 1, minor; I°. niger, sclerophyll,
1, minor; Anthochacra chrysoptcra, selerophyll, 2, one major,
one minor; A. carunculata, selerophyll, 1, minor; Entomyzon
eyanotis, savannah woodland, 1, minor; Philcion novae-guineac,
savannah woodland and mangroves, 1, minor.

Some 23 honeyeater speeies do not vary geographically in size
or colonr. Some 14 of these, however, are either insular species
or have ranges so restricted that this would not be expeected.
About 5 are highly nomadiec and several are partial nomads.
Melithreptus albogularis has radiated outwards only fairly
recently.

Speeiation across Torres Strait has figured fairly prominently
in the building up of the Australian honeyeater fauna though,
proportionately, to a muel less degree than in the Museieapinac.
Phitewoun eitreogulares (Fie. 26), P, corniculatus, and Mcliphaga
flaveseens, by contrast, are Australian savannah woodland
species that have given rise to forms in southern New Guinea.
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Hybrid zones do not ocenr in the Meliphagidae, though the
relationships of the northern and sonthern forms in M elithreptus
gularis merit investigation.

As noted, relatively few of the Australian Meliphagidae extend
beyond the continent, but those that do tend to have morpholog-
ically differentiated insular isolates. Thus, Myzomela dibapha
has about eight, mostly in the Celebes-Timor sector but with
one on New Caledonia. Lichmera indistineta falls into many
forms (over 5) in a range extending from Timor to the south-
west Pacifie. Other species have minor isolates in New Guinea.

Clines are common in the Meliphagidae, with most being dem-
onstrations either of the Bergmann or Gloger effects. Meliphaga
lewini, however, has a south-north cline of increasing bill length.
The “*plastic’” interior species, M. virescens, provides examples
of somewhat complicated colour variation. In Melithreptus
gularis and Mcliphaga penicillata, as in Smicrornis brevirostris,
three colour forms extend in broad zones from east to west across
the continent. As noted, they are associated with specific rainfall
and temperature threshholds.

Family ZOSTEROPIDAE
(White-eyes)

Of three Australian species of Zosterops, Zosterops laterales
is equally well developed on the continent and in the southwest
Pacifie, and the other two (Z. lutea and Z. chloris albiventris)
are derived from island species to the northwest of the continent.

7. lateralis has an eastern and southern distribution in Aus-
tralia and is essentially an inhabitant of sclerophyll forest and
rain forest. Z. lutea, inhabiting the north and west, is a man-
grove dweller. Z. chloris albiventris is confined to the islands
oft Cape York.

The species are sedentary except that Z. lateralis has a limited
south-north migration in the southeast of the continent.

Speciation

Z%. lateralis has morphologically differentiated isolates in
southwestern Australia (gouldi) and on the Capricorn Islands
off castern Queensland and Lord Ilowe Island (tephropleura).
The Tasmanian form (tasimanica), also occurring in southern
Vietoria, and that occupying the Murray Valley (halmaturina),
apparently former isolates, are now counnected with nominate
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lateralis (eastern New South Wales) by minor zones of inter-
eradation. The Cairns-Atherton form (vegeta) may also be an
1solate. Zosterops lutca has forms in the Ilamersley and Kim-
berley segments that arve probably isolates. There is clinal varia-
tion in both.

Z. lateralis tasimanica has invaded New Zealand and thence
Norfolk Istand, the Chathams, and Cawmpbell Island, within
recorded history. The species has some 6 morphologically dif-
ferentiated isolates in the southwest Pacific.

The successive invasions of Lord llowe Island and Norfolk
Island by members of the genus Zostcrops provide some of the
classie cases of speciation by multiple invasion. Whether or not
these forms, however, came from a single point source is
doubtful.

Family PLOCEIDAE
Subfamily ESTRILDINAE
(Finches)

Of the 18 species composing the Australian Estrildinace only
two, and possibly three, are derived from outside of the con-
tinent.  Lonchurae flaviprynota, inhabiting a restricted area in
the northwest, is an isolated derivative ot L. maja of Indonesia,
and Erythrura trichroa has rvecently colonized Cape York frouw
New Guinea. Louchurae castancothorar has a wide range in
New Guinea (two morphologically differentiated isolates) as
well as in Australia.

The seed-eating finches ave wmainty inhabitants of the dryer
creekside thickets and savannahs of the north and cast. Zonae-
ginthus bellus-oculatus, by coutrast, is confined to thickets in
the sclerophylls of the south, Kstrilda tcmporalis to the sclero-
phyll and rain forests of the east, Lonchura castancothorar to
reedbeds and areas of rank grass (cast and north), Zonae-
ginthus pictus to rocky outerops in the central desert, and
Erythrura trichroa to rvain forest fringes i the northeast.
Whilst none of the finches undertake regular seasonal move-
nments, those inhabiting the central and northern regions are
somewhat seusitive to shifts in the supply of seeds and surface
water, bad seasons forcing groups to move to new areas.

Speciation

Zonaeginthus bellus is represented by a form in southwestern
Australia so distinet that it can best be regarded as having
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reached species status (oculetus), whilst in the northwest and
northeast of the continent, Pocphila aculicaude and P, cincta
are connterparts of cach other (sce figs. in Keast, 19581).

Isolates that have rveached a moderate or lesser degree of
differentiation occur in Poephlila personata and Lonchura casta-
wcolhorar (as between Arnhem Land and Cape York), in
Sstrilda temporalis (in Cape York and Mount Lofty Ranges),
and in Poeephila phactou. 1n the last named, the black-breasted
nominate form, ocecupying coastal northern Australia, but not
Cape York, has given rise to a white-breasted isolate in New
Guinea (evangelinae) which, in turn, has invaded Cape York
to give vise to a derivative there (albiventer). This latter re-
mains isolated.

Isolation without differentiation can be seen in the Tasmanian
population of Zouacginthus bellus and in the Anstralian popula-
tion of EKrythrura trichroa.

1lybrid zones ocenr in Pocphila bichenovit and in Pocphila
clucta. 1n the former, the hybrid zone, between northwestern
and castern stocks, is in the general region of Alexandria to the
west of the Gulf of Carpentaria (Fig. 2 in Keast, 1958f). In
the latter, it ocenrs at the base of (‘ape York between a form that
developed on the peninsula and an eastern Queensland one (Fig.
3, same paper).

Clinical variation oceurs in many finch species. Of those that
do not vary geographically (8) most have relatively restricted
vanges. Pocphila gutiata, with an almost Australia-wide dis-
tribution, is an exception. It has, however, distinetive insular
isolates on Timor and Sumba. Erythrura trichroa has 8 insnlar
isolates beyond  Australia.

The number of morphologically differentiated isolates in
the Australian finches is 6 within the continent and 12 outside
of it.

Family ORIOLIDAK
(Orioles)

Two genera occur in Australia: Oriolus (2 species) and the
endemie Australo-Papuan Sphecotheres (2 species). The group
is restricted to the savannahs (mainly) and sclerophyll and
rain forests of the ecast and mnorth. A certain amount of
nomadism ocenrs in Oriolus sagittatus.
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Speciation

0. sagittatus and possibly O. flavocinetus are divided into two
recognisable stocks occupying the east and northwest of the
continent, respectively. Both species, and Sphecotheres vieilloti,
have isolates in southern New (ininea.

Family DICRURIDAE
(Drongos)

Only one member of this Palaearctic family reaches Australia.
Dierurus bracteatus does not vary geographically. It has about
three morphologically differentiated isolates in New Guinea.

Family CRACTICIDAE
(Australian Butcherbirds and Magpies)

This small Australo-Papuan family is composed of 3 genera
and 10 species. All are Australian except 2, which are confined
to New Guinea. Three species are shared by New Guinea and
Australia.

The cracticids, predators with body sizes ranging from that
of a shrike up to that of a e¢row, include some of the wmost
prominent elements of the Australian countryside, the magpies,
currawongs, and butcherbirds. A generalized habitat, extending
from sclerophyll forest to semi-arid country, is typical of
Gymnorhina and most species of Cracticus. Cracticus quoyi and
Strepera graculing ave, however, restricted to mangroves and
sclerophyll forest, respectively. N. weisicolor has a southern
peripheral distribution with sclerophyll forest, savannah wood-
land, and mallee being oceupied.

None of the Cracticidac undertake seasonal movements other
than those of a local nomadic nature.

Speciation

The amount of geographic variation in the Australian Crae-
ticidae is great, especially in view of the relatively large body
size. There are some 10-12 isolates of varying degrees of dit-
ferentiation within the confines of the continent.

Tasmania has two isolates so distinet that they must be re-
garded as approaching, if they have not already reached, the
status of genetic species: Strepera (graculine) fuliginosa and
S. (wersicolor) arguta. The southwestern isolate of the magpie,
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Gymunorhina (hypolcuca) dorsalis, is also generally recognised
as having achieved that degree of morphological differentiation
typical of a species. Lesser isolates occur in Cracticus torquatus
(Tasmania), C. quoyi (eastern Cape York), (ymnorhina tibicen
(2, one of Groote Bylandt and the other in the Macdonnell
Range sectton of the continent), and in (. hypolcuca (Tas-
mania) (Amadon, 1951).

By far the most interesting species, from the viewpoint of
differentiation in isolation, is Strepera versicolor. 1t has isolates
in the Everard-Musgrave Ranges of central Australia (cen-
tralia), southwestern Australia (plumbea), and on Eyre Penin-
sula (intermedia), the last separated from the nearest relative
(to the east) by a mere 20-mile wide water gap. Forms iu
southeastern South Australia (melanoptera) and in the Vie-
torian mallee (howei) are now, apparently, secondarily con-
nected with each other, and with the nominate form to the east,
by minor hybrid zones.

Beyond the confines of the continent, Gymnorhina tibicen
has a morphologically differentiated isolate in southern New
Giuinea, and Strepera graculina has one on Lord Howe Island.

Gracticus mentalis, possibly the most primitive member of
its genus (Amadon, 1951), has presumably invaded Cape York
from New Guinea where it now co-exists with C. torquatus. 1f
this species is, 1 fact, its nearest relative this is the only
demonstration of the final stage in the speciation process to he
found in the Cracticidae.

Hybrid zones occur between the **species’” Gymnorhina hypo-
leuca and . tibicen in southern New South Wales-northern
Victoria, and between the races of Strepera versicolor in eastern
South Australia-western Victoria, It is probable, moreover,
that the intergradation between forms within Cracticus torqua-
fus and within C. nigrogularis, in the north and west of the
continent, is also secondary. The hybrid zone between (fynuior-
hina hypoleuca and G. tibicen, extending as it does almost
throughout the length of the Murray Valley (some 800 miles)
requires proper study to determine whether or not it is stable
or whether one form is extending at the expense of the other.

Colour and size clines oceur in mostly widely ranging mem-
bers of the Cracticidac within Australia (see Amadon, 1951).
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Family GRALLINIDAR
(Mud-nest Builders)

The species composing the Australian mud-uest builders fall
into three monotypic genera: Grallina cyanolewca, Struthidea
cinerca, and Corvcorar welanochamphos. A fourth member of
the evoup, Pomarcopsis bruijul, is confined to New Guinea.

Speeiation

None of the Australian Grallinidae vary geographically.

Family PTILONORIIYNCHIDARE
(Bower-birds)

The bower-birds are purely an Australo-Papuan group, with
6 species being confined to Australia, 9 to New Guinea, and 2
heing shared.

The Mustralian species occeupy a range of habitats from the
dry intevior to the eastern rain forests. The latter vegetation
association is richest in species. Two species, the monotypic
Necnopocetes dentivostris and Prionodura ncwtoniana, arve re-
stricted to the hightands of the Atherton rain forest tract. There
are no bower-birds in Tasmania.

Scasonal movements in the bhower-birds are restricted to a
local nomadism that has little effect on speciation trends.

Speciation

There are no instances of recently completed speciation in
terms of range overlap by closely related species. All degrees
of differentiation in isolation, however, occur (Mayr and Jen-
nings, 1932). The rain forest species Plilonoriiynchus violaceus
and Ailwroedus crassirostris, vestricted to eastern Australia,
each bave distinetive southern and northern forms that are
isolated from each other. The southern form of the latter is
approaching that stage of differentiation typical of a species.
In both cases the rvange gap is about 600 miles. Within the
savannal grassland Chlanydera wmaculata there are castern
(acutata) and western (guttata) forws isolated by the general
Sinpson desert area along the castern border of South Au-
stralia. These two are approaching, or have reached, that stage
of differentiation typical of species. Here the range gap is
apparently 400-500 miles. ta O wuchalis western and eastern
forms are connceted by a marked step in oa eline (western

&
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Queensland ), indicating secondary iutergradation hetween pre-
viously separated populations (Mayr and .dennings, 1952).

The savannah woodland Chlamydcra corvintventris extends
to New Guinea without differentiation. The rain forest Ailuroe-
dus crassivostris, however, has a range of racial forms in New
Guinea.

(linal variation occurs in the Australian bower-birds in
Scrviculus chrysocephalus, Chlamydera maculata, (', cerviniven-
tris, and C. wuchalis.

V1ML THIZ MECHHANISM OF SPECIATION ON THE
AUSTRALIAN CONTINENT

The Nature of Geographic Variation in speeies. Quantitative
Treatment

The nature of the variation in the 425 species constituting
the sample is summarized on Table 3. Kach species is graded
according to whether it is monotypic or polytypic. The poly-
typice species are divided into those with clinal variation only
and those with morphologically differentiated isolates, the num-
ber of the latter both within and beyond Australia (section to
the cast of Wallace’s Line) being given. Where species are
members of superspecies groups, this is stated. The isolates
within Australia are subdivided into two groups: those with
moderate to marked differentiations and those with slight dif-
ferentiation. Finally, the number of hybrid zones (if any) is
stated for cach species. '

The species sampled (425) are subdivisible as follows:-—
Monotypie species: 188
Polytypie species with

clinal variation only : 99
with isolates: 138
TOTAL: Polytypic species: 237

In terms of percentages then, it will he seen that 44 per cent
of the species sampled (including those that are geographieally
represelitative) are monotypie, and 23 per cent have clinal varia-
tion only, whilst 33 per cent have isolates in Australia.

The number of wmorphologically differentiated isolates totals
213-220, averaging 0.5 per species for the fauna as a whole,
and 1.6 per species for the 135 that have them. Of the isolates,
59 (27 per eent) have differentiated to a marked or moderate
degree, and 154-161 (73 per cent) are but poorly differentiated.
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Not included in the ecaleulations are populations, particularly
of sclerophyll forest species in Tasmania and the southwest,
that are isolated but have not undergone any differentiation.
The majority of these either have been isolated too short a time
for differentiation to occur or are ‘‘conservative’’ species.
Nevertheless, it should be recognised that such forms represent
the first stage in the speciation process. Excluding these, it
can be said that over 200 forms on the continent are potentially
new species. One species, Pachycephala pectoralis, has 5 to 7
isolates.

Hybrid zones, indicating isolation that broke down before
the differentiating stocks had reached specific level, occur in
30 species.

BExamples of Speeies Formation and Intermediate Stages in
the Speciation Process

The review demonstrates that active species formation is not
only occurring today in most bird families but in almost every
part of the continent. All speciation is spatial (geographic).
There is no suggestion that it is oceurring anywhere sympatrie-
ally (see Section XII).

Reference to Table 3 shows that the number of minor and
major isolates in the Australian avifauna is large. Of even
orcater significance, however, in considering examples of inter-
mediate stages in the speciation process are the many isolates
that are now as, or more, different from their parental stocks
than (genetically) proven species in their genera. These are
the semi-spectes of Mayr (1942, p. 165). Finally, there are
various instances of recently completed speciation, as demon-
strated by marginal overlaps without interbreeding.

The families and subfamilies in which the full range of inter-
mediate states in the speciation process oceur within Australia
are as follows: Accipitridae, Psittacidae, Menuridae, Campe-
phagidae, Muscicapinae, Malurinae, Sittidae, Dicaeidae, Meli-
phagidae, Cracticidae. Possibly the Columbidae and Ploeeidae
also come into this category for Geophaps seripta and (. smithi
in the former, and Pocphila acuticauda and . cineta in the
latter, could actually be examples of the final stage in the
speciation proeess, and not just unusually distinetive isolates.
Those families that have Australian isolates at all stages of dif-
ferentiation arve: Ardeidae, Atrichornithidae, Timaliinae. In
the Turnicidae, Aleedinidae, Silviinae, Zosteropidae, and Orioli-
dae, there are morphologically differentiated isolates of lesser
degree.
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Instanees of Mayr’s “‘proofs’ of geographic speeiation, i.e.
the existence of superspeeies, marginal overlaps, double inva-
sions, and cirele formation, oceur in Australian birds as fol-
fows:

(a) Superspecies

Almost one-third of Australian bird species belong to super-
speeies groups (eolumn 6 in Table 4). Depending on the group,
these lie mainly outside of, or within, the limits of the eontinent.
In the long view, of course, several of the larger Australian
birds are direct counterparts of species ocenrring in other parts
of the world, e.g. the eagle Aquila audar is elosely related to
the Palacarctie Golden Eagle, Aquila chrysactos. (Those speeies
that belong to superspecies groups to the west of Wallaee’s Line
have the figures in braekets.) Species belonging to superspecies
centered in the island seetor to the north of Australia and cast
of Wallace’s Line include members of the families Columbidae
(e.g., Macropygia phasianclla), Psittacidae (Trichoglossus mo-
Licecanus), Aleedinidae (Haleyon sancta and I. chloris), Cam-
pephagidae (Coracina tenuirostris), Museicapinae (Arses kaupi,
MHonarcha wmelanopsis, Heteromyias cinercifrons), Malurinae
(Gerygone (igata) richmondr), Dieaeidae (Dicacum hirundi-
nacewn), Meliphagidae (Myzomela dibapha, Mcliphaga notata ).
and Dloceidae (Erythrura trichroa, Lonchura flaviprymna).

Many superspeeies groups are confined to the Australian
continent. These include those in the following families and
eenera: Columbidae (Geophaps), Psittacidae (Platycereus, Bar-
wardius, Psephotus, and Neophema), Musecicapinae (Petroica),
Malurinae (Gerygone, Sericorms, Amytornis, Stipiturus, and
Malurus), Sittidae (Climacteris), Dicaeidae (Pardalotus), Meli-
phagidae (Melithreptus, Acanthorhynehus, Mecliphaga, Antho-
chaera), Ploceidae (Zonaeginthus, Pocphila), and Cracticidac
(Gymnorhina, Strepera).

(b) Marginal overlap of Recently Evolved Species

Some examples of this are as follows:-—

Psittacidac: Ncophema clegans, N. chrysostoua, and N. chvy-
sogaster, overlap in parts of Vietoria and South Australia.
Areas of maximum coneentration today suggest that N. elegans
has arrived, secondarily, from the west, and N. ehrysogaster
trom Tasmania.

Campephagidac: Coracina robustus and €. papuensis eo-exist
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it the Cairns-Atherton area of Queensland, the latter presum-
ably being the more recent arrvival.

Muscicapinae: Petroica rosca and I, rodinogastcr now breed
together in southern Vietoria. The latter developed in Tas-
mania.

Pachyeephala rufogularis and PP, inornata overlap in the
mallee of Vietoria, the latter apparently being a secondary in-
vader from the west of the eontinent (Kig. 13).

Malurinae: Amytornis textilis and A. modestus both breed
in the Macdonnell Ranees, the former having colonized the area
from the west, and the latter from the east (Fig. 17a).

ITylacola canta (western) and . pyrrhopygia (eastern) now
overlap distributionally in the Bendigo area of Vietoria.

Sittidae : Climacteris picwmnis (mclanota) and . melanura
co-exist at the head of the Gulf of Carpentaria, the latter being
an invader from the west (Fig. 22).

Dicacidac: Pardalotus substriatus and . melanoccphalus live
together in coastal castern Queensland, the latter obviously
heing an invader from the north of the continent.

Meliphagidae: Mclithreptus lunatus and . albogilaris oecupy
the same spatial relationship to cach other as do Pardalotus
but in this case the overlap zone extends for several hundred
nmiles (Mg, 23). Myzantha melanotis and M. flavigula occupy
adjacent zones in the Vietorian mallee areca, the former appar-
ently being an ‘*old’” mallee form and the latter the recent
invader.

Cracticidac : ('racticus torquatus and C. mentalis co-exist in
Cape York, the latter possibly heing a recent colonizer from
New Guinea.

The co-existence of Menura novac-hollandiae and M. alberti
in adjacent areas in northeastern New South Wales and south-
ern Queensland is also an instance of range junetion or overlap
hetween related speeies though, in this ease, obviously not a
very recent one.

(¢) Double Invasions
These, of course. ave speeial cases of range overlap. They
oceur in two main areas: northern Australia, and Tasmania.
There are also one or two apparent instances in southwestern
Australia.
ntry into the Nustralian continent is only possible at a
couple of points: through Cape York and, to a lesser degrec,
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through the northwest corner. Tropical invaders can mostly
only colonize down the coastal rain forest and monsoon forest
tracts. This enables a fairly clear picture to he gained of the
significance of double invasion in the speciation of Australian
birds.

Colonization of worthern Austrvalia from the New Guinea-
Tinor segment :

(1) Mcliphaga lewini, M. nolata, and M. gracilis (honey-
caters). These three rain forest species now co-exist in the
Cairns-Atherton area and represent suceessive waves of, and
degrees of differentiation from, the ancestral stocks in New
Guinea (Fig. 24).

(ii) Philemon argenticeps and . novaeguincac (honeyeat-
ers). In this case . argentieeps, extending widely over the
north of the continent, represents the first wave of colonization.
Subsequent waves have independently entered Cape York (2
novaeguincae yorki) and Arnhem Land (. novaeguincae gor-
doni) (Fig. 26).

(iii) Coracina robusta and (', papwensis (cuckoo-shrikes) are
examples of an “‘old’” Australian species (hut whose ancestors
wmust have entered from the tropies) being secondarily eontacted.
in the north of its range, by a later invader.

(iv) The two species of teal ducks (Anas castanca and 1. gib-
berifrons), and the hovering kites (Elanus scriptus and I
notatus), represent somewhat older cases of speciation by double
invasion. They now co-exist over a broad area.

(v) Arses Faupi and A, teleseophthalmus lorcalis (flyeateh-
ers) and Mcliphaga maceleayi and M. ehrysotis (honeyeaters).
In these cases the carlier and later arrivals, though isolated
from each other in the Cairns-Atherton and Cape York sections.
respectively, are so distinet that they must be genetic species.

(vi) Various iufraspecific forms. *Simultaneons’ invasion
of Arnhem Land and Cape York by different races, which
remain isolated in Australia, can be seen in Butorides striatus,
Myzomcla crythrocephala, and others. In a few cases a second
wave of colonization by a stock, entering the continent at a
common point, now hybridizes with the earlier one. In decipiter
faseiatus such hybridization occurs over a broad front. In a
few species, the later invader has not yet contacted the earhier
one. Monarela {rivirgata is an example of this, the New Guinea
race oceupying Cape York and the Australian one the country
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to the south of the Princess Charlotte Bay dry barrier, as in
““(v)’’ above.

Colonization of Tasmanwia from Australia:

(i) Aeanthiza cwingt and A. pusilla (Malurinae). In this
case A. cwingi represents the derivatives of the earlier wave
and A. pusilla (race diemencnsis) the later one.

(ii) Pardalotus quadragintus and P. punetatus (Dicaeidae).
This is a parallel case, with . quadragintus the earlier element.

(iii) The two insular “‘species’” of Strepera (arguta and
fuliginosa) could represent a double invasion of the island by
one or the other of the mainland species, 1.e. either S. versieolor
or 8. graculina. Most workers feel, however, that a representa-
tive of each is involved.

Colonization of the sclerophyll forests of the southwest eorner
of the continent from the southeast:

Double invasion of the isolated poeket of sclerophyll forest in
southwestern Australia by the robin genus FEopsaltria would
appear to be the explanation for the ocenrrence there of two
species, E. georgiana  (representing the descendents of the
carlier wave) and E. australis (griscogularis). Speciation in the
Malurus lamberti complex could he accounted for by at least
one of the species advancing from the east around the head
of the Great Australian Bight.

(d) Speciation by Cirele Formation

The only real instance of this in Australia is in the parrot
Platyccreus clegans (Fig. 11).

The honeyeater, Mcliphaga versieolor, in that it developed its
ditferences in New Guinea and from there has reinvaded
Australia to oceupy zoues adjacent to its near relatives M.
virescens and M. faseiogularis, presents, to a degree, a parallel
in the north of the continent (IFig. 25). The white-breasted
races of the fineh, Neochmia phacton, have had a similar origin.

Classificatory Position and Speeiation

As will be seen from "Table 4, summarizing the results in
terms of families, there is a considerable amount of variation
in the “‘speciation potential’’ of the different bird groups.

The hawks have only about 3 isolates in Aunstralia and they
are poorly differentiated ones. The larger water birds (grebes,
herons and ducks) demonstrate similarly weak tendencies. In
the case of the herons only 5 isolates are developed in Australia.
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The ducks have no continental isolates though several oceur
in the Rallidae.

Large water birds have a very slow evolutionary rate, Iloward
(1946) having shown that many of them have not changed
skeletally since the Miocene.

The pigeons (Columbidae), inhabiting a wide range of habitat
types, have 10-11 isolates in Australia and, since they total 22
speeies, approximately refleet the average for the avifauna as a
whole (0.5 isolates per species). The parrots (Psittacidae),
equally diverse in habitat requirements, have 17-18 isolates in
33 species. Many of the speeies in this family, are, however,
geographiecally representative. The ratio of isolates to species in
the kingfishers (Aleedinidae) is 4 to 10.

In the euckoo-shrikes (Campephagidae) there are 7 isolates
in 8 species (1.0 per speeies). This is a figure typical of many
of the small passerine groups, e.g. Malurinae with 61-62 isolates
in 69 species, and the Mnscicapinae with their 33-35 isolates in
43 species. The latter groups, it should be noted, are largely
eomposed of sedentary species.

The Meliphagidae have 18 isolates in 67 species, although
here again there are a number of geographically representative
speeies. The Estrildinae, most of which are restrieted to the
north, have 6 isolates in 18 species. The Artamidae, which
have continuous ranges and are nomadic, have no isolates in
6 species.

The endemic Australian Cractieidae, all of whieh are rela-
tively large birds, have 11-12 isolates in 11 species. In this
case, however, 4 of the latter are actually of uncertain genetic
status so that the actual ficure may be 1.5 isolates per species.

The family to which a species belongs can be seen to influ-
ence its potential for giving rise to new species not through
any innate genetie eharacteristic so much as throngh what might
be deseribed as its ‘‘ecological attributes.”” Included in these
are body size and general mobility (large birds require a larger
foraging area than small ones), nature of seasonal movements,
type of food ‘‘niche’’ oecupied, and habitat. Small insectivorous
birds commonly live in a habitat that is specialized and re-
strieted, and have poor dispersive eapabilities.

The influence of the ‘“history’” of a group on speciation pat-
terns is seen in the interesting differences between the flycateher
subfamilies Muscicapinae and Malurinae. The bulk of the
genera in the latter are true endemies and speetation is taking
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place almost wholly within the continent. The Museicapinae,
however, whilst they do contain endemic genera, are best de-
veloped in the tropics and most of the isolation and speciation
is taking place either outside of Australia or between New
Guinea and Australia.

Habitat Specificity and Speciation

As mnoted, the majority of Australian bird species are re-
stricted to, or reach the peak of their abundance, in one or
another of the basic vegetation formations. Thus, as will be
seen from Table 2, 16 per cent are rain forest dwelters, 16 per
cent live in selerophyll forest, 2 per cent in mallee, 4.5 per cent
in mulga, 3 per cent in desert (spinifex) grassland, 3 per cent
in mangroves, 14 per cent in swamps and marshes, and so on.
The remainder are less specifie but nevertheless are oriented to
one or the other of the *‘intermediate-type’” habitats of savan-
nah woodland (28 per cent) and savannah grassland (11.5 per
cent).

That the habitat category into which a species falls has an
important influence on its potential for developing isolates and
hence undergoing speciation will he seen from Tables 5 and 6.
Thus the 70 rain forest species sampled have 31 morphologically
differentiated isolates (0.5 per species). In addition to some
recently developed geographically representative species (in
Tasmania and southwestern Australia) the 80 sclerophyll forest
species have 71-72 isolates (1.0 per species). The 113 savannah
woodland species have 61-64 isolates (0.5 per species), the 44
savannah grassland species 10 isolates (0.2 per species). Ten
mallee species have 4 isolates (0.4 per species). Fifteen mulga
species have no isolates. Fifteen desert grassland (spinifex)
speecies have 8 isolates (0.5 per species), 16 mangrove species,
10-11 (0.6 per species), and 54 swamp species only 11-12 (0.2
per species). The 9 speeies placed in the miscellaneous habitat
category (e.g., Lophophaps plumifera, Epthianura crocea) have
7-8 isolates (0.8 per species).

If the ficures be expressed as percentages (Table 6) it will
be seen that of the total isolates about 14 per cent are rain
forest forms, 33 per cent are sclerophyll forest birds, 30 per cent
helong to savannah woodland, 5 per cent to savannah grassland,
2 per cent to mallee, nil to mulga, 4 per cent to desert grassland
(spinifex), 5 per cent to mangroves, 5 per eent to swamps and
marshes, and 3 per cent to miscellaneous habitats.
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One of the significant facts revealed by Table 6 is that the
bulk of the morvphologically differentiated isolates or *“incipient
species”” in Anstralia are coming from species that are pre-
dominantly inhabitants of seclerophyll forest and savannah
woodland. These acconnt for 33 per cent and 30 per cent, re-
spectively, a total of 63 per cent of all isolates. In contrast with
the tropical rain forest and mangrove habitats (that are mostly
restricted to the northern fringe of the continent) these are
““true Australian’ vegetation formations. They have the com-
bination of being extensive, biotically rich, and yvet arve bhroken
up into several isolated tracts. In these regards they eontrast
with the dry-country vegetation formations, the savannah grass-
land, mulga, mallee, and spinifex, and with the swamp-river
habitat.

The highest proportion of isolates that ean be deseribed as
well differentiated, as compared to slightly differentiated, oceur
in savannah woodland (32 per cent), sclerophyll forest (25
per cent), and rain forest (22 per cent), respectively.

Hybrid zones are most numerous amongst the inhabitants of
the savannah woodland, selerophyll forest, and savannah grass-
land habitats, accounting for 54 per cent, 24 per cent, and 18
per cent of the figures, respeetively. The savannah areas, oceu-
pring “‘intermediate’” climatie zones are presumably the miost
sensitive and responsive to minor climatie shifts. Sclerophyh
forest and savannah woodland have, more than any other asso-
ciations, been subject to alteration by human settlement.

Species in which the only variation is of a c¢linal nature are
most numerous in savannah woodland (43 per cent), sclerophyll
forest (14 per cent), and savannah grassland (16 per cent).

Species that do not vary geographieally are also most numer-
ous in savannah woodland (many of the inhabitants of which are
nomads, with others restricted eitlier to the north or south),
swamps (most inhabitants nomadie), rain forest (most are New
Guinea immigrants restricted to the far north), and sclerophyll
forest (many restricted to part of the southeast or Tasmania).

Species with isolates beyond Australia belong mainly to four
habitat categories in Australia: mangroves, rain forest, sclero-
phyll forest and savanmah woodland. In the case of the first
two of these, this is to be expeeted as these vegetation formations
have a wide distribution through the tropies. That so many
seleropliyll and savannah woodland birds are involved might
seem strange. The explanation is that the speeies concerned

‘i
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are those that already cxhibit a fairly wide degree of habitat
and ecological versatility in Australia, so that adjustment to a
new habitat in the islands apparently presents no problem.
Examples, and the number of isolates beyond Australia, are:
the hawks (Awviceda suberistata (12), lecipiter novachollandiac
(19), A. fasciatus (6); the cuckoo-shrikes Coracina papuensis
(9) and C. tenwirostris (18) ; the whistler Pachyeephala pector-
alis (51); the wood-swallow Artamus lewcorhynchus (7); the
dove Geopelia striata (3) ; the honeyeater Philemon novacguineae
(8); and the white-eve Zosterops lateralis (6). The rain torest
Rhapidura rufifrons, by contrast, is an example of a species with
a restricted habitat tolerance in Australia but that exhibits
ecological versatility in the southwest Pacific where a number
of diverse islands are occupied.

Seasonal Movements and Speciation

The influence of seasonal movements on isolation and specia-
tion is summarized in Table 7. Two-thirds of the sedentary and
migratory species vary geographically. Only one-quarter of the
nomads, however, do so. Almost all of the isolates, as well as
the hybrid zones, occur in the sedentary species. The number
of morphologically differentiated isolates and the number of
isolates per species for the three categories is as follows:

Number of Number of
Morphologically difterentiated isolates
isolates in Australia per species
y Q
Sedentary species
291 (69%) 191-196 0.65
South-north migrants
32 (8%) 1517 0.50
Nomads
99 (23%) 7 0.07

It will be seen that the nomadic way of life virtually elim-
inates any chance of isolation and speciation developing. This
is brought out in equally striking fashion by the individual bird
groups. The hawks and large water-birds are mostly nomads.
Within the parrot family the nomadie Mclopsittacus (Fig. 9)
and Leptolaimus do not vary, whereas most genera composed
of species that are essentially sedentary or resident, like Psopho-
tus and Platycercus, have many isolates. Parallel cases are the
nomadic Certhionyr and Granticlla amongst the honeyeaters, as
compared to most members of Meliphaga. Epthianura, amongst
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the Malurinae, and Artamus, in the Artamidae have, on the
one hand, sedentary species that show geographic variation
and, on the other, nomadie speeies that do not show any at all.

South-north migration, by eontrast, does not preclude the
development of geographic variation and isolation, in part be-
cause many of these undertake seasonal movements over part
of the range only, e.g. Zosterops lateralis and Gerygone olivacea.
The relationship between variation and south-north migration
in the eampephagids Coracina novachollandiae and (. tenwiro-
stris has already been diseussed. A reasonable inferenee with
respeet to most true south-north migrants in Australia is that,
sinee they tend to inhabit the fertile eoastal strip, they are able
to return to the same areas to breed from year to yvear. This
contrasts with the sitnation in nomads like Epthianura tricolor
and Lalage tricolor which, though there is a south-north com-
ponent to the movements, concentrate for breeding where sca-
sonal eonditions are maximal.

IX. GEOGRAPHIC ISOLATION

An understanding of the barriers initiating speciation in
Australian birds necessitates a detailed review of the distribu-
tion of the major vegetation formations in the light of those
bird speeies living in them.

Terrestrial Isolating Barriers
(a) Rain Forest

Rain forests are confined to the eastern seaboard and are
broken up into a series of tracts and poekets (Kig. 5). There
are, however, three main areas: (i) Cape York, (ii) Cairns-
Atherton, (iil) and South Queensland-northern New South
Wales. Rach of these has some striking ornithological elements,
the (fairns-Atherton section being particularly rvich in this re-
speet.

(i) The Cape York rain forest tract: These forests are
chiefly of signifieanee in that many New Guinea species have
recently colonized the morthern section. There are some 15
of these species, most undifferentiated : dmawrornis olivaccus.
Probosciger  atervimus, Larius roratus, Geoflroyus geofiroyi
Syma torotoro, Podargus ocellatus, Cacomantis castanciventris,
Drymodes supereiliosus (also on Roper River), Mierocca grisei-
ceps, Tregellasia leveops, Monarcha frater, Sericornts beeecarti,
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Craspedophora magnifica, Glycrchaera fallar and Mcliphaga
chrysotis. In several polytypie rain forest species the (tape York
form represents a recent, independent wave of colonization from
New Guinea, e.g. Megaloprepia magnifica.

The only speeies endenie to the Cape York rain forests is
the honeyeater Trichodere cockerelli. There are, however, sev-
eral distinetive races that have differentiated there, e.g. Arses
teleseophthalmus lorealis.

Ornithological data suggests that the (lape York rain forests
have had the following history. They figured as ‘‘bridges’”
in earlier waves of eolonization of the Cairus-Atherton forests
by New Guinea speeies, but subsequently Lecame reduced to
such an extent that they could no longer support sonie of these
forms. They have recently expanded again, at not to their
former extent. The evidence for this is that a couple of genera,
and species, requiring dense rain forest conditions, oceur in
New Guinea and in the Cairus-Atherton area, but not now in
the intervening Cape York rain forests, e.¢. the robin Hetero-
mylas, the log-runner Orthonyr and, apparvently, the swiftlet
Colloealia spodiopygia. Again, the endemie hower-hird, Priono-
dura newtontana, has New Guinea affinities. It is presumed that
these forms Dbecame secondarily exterminated from the Cape
York area. Tate (1952) finds similar distributional anomalies
in the mamuals of northeastern Australia, and feels too that
these can only he explained in the above manner. An interesting
alternative suggestion is, however, advaneed. "This is that, when
Torres Strait was dry land and the climate was wetter, the
confluence of the rivers flowing southwards from Papua must
have approached that of the Australian ones flowing northwards
across the Gulf of Carpentaria. The aecompanying riverside
forests would conceivably have provided a migration route frowmn
New Guinea to Atherton that by-passed Cape York.

As noted, there is eurrently much colonization of northern
(fape York by New Guinea speeies snggesting re-establishment,
or expansion, of this habitat.

(i1) The Cairns-Atherton rain forests: These are quite ex-
teusive and, i terms of the number of speeies endemie to them,
are of considerable significanee. There are some 3 such species -
Heteromyias cinercifrons, Colluricincla bowert, Arses kaupi.
Orcoscopus gutturalis, Meliphaga frenata. and M. maelcayana.
Prionodura newtoniana and Scenopocetes denlivostris  (both
hower-birds). Some 25 rain forest and sclerophyll forest speeies
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have isolates of infraspecifie rank here. They include Aecanthor-
Teynehus tenuwivostris, Ninow novac-scelandace, Clinacteris leneo-
phaca, Eopsaltria capilo, Pachycephala pectoralis, Gerygoine
(igata) richmondi, Acanthiza nana, Acanthiza pusilla, and
Opopsitta diophthalma.

There can be no doubt that the elevated and dissected Atherton
arca is a “‘refuge’” of long standing. The rainfall today exceeds
S0 inches per amuw and inone small seetion reaches 160 mehes
per anmum. It is probable that even in the event of a marked
reduction in overall continental rainfall this sector would still
be covered with rain forest.

(iit) The southern rain forest tracts: These extend from
about the Bunya Mountains in southern Queensland to Dorrigo
i central New Southh Wales. Thereafter they taper out as a
series of small pockets. They are most dense and extensive in the
Lamington area on the Queensland-New South Wales horder.

Ouly between one-third and one-half of the true rain forest
species extend south to this last sector. Within the 400-500
miles of the tract, moreover, there is a steady falling off in the
number of species. A few, however, extend right through to
the restrieted, cold, subtemperate rain forests in the Dandenongs
in Victoria, c.e. Meliphaga lewini.

Amongst the species endemice to the southern rain forests and
associated wet selerophylls are the bower-bird Sericulus chryso-
cephalus, the serub-bird Atrichornis rufeseens and the frog-
mouth Podargus (ecellatus) plumiferus. A lyrebird species,
Menura alberti. is confined to the elevated Lamington segment
in the north, where there is also a race of the southern selero-
phyll whistler, Pachyeephala olivacca (macphersiona).

(iv) Barriers and Speeiation: Speeiation oceurs rmainly he-
tween the three major tracts. The two commonest patterns are
for the Cairns-Atherton and southern tracts to be ocenpied by
distinetive isolates and for the Cape York and Cairns-Atherton
tracts to be populated by forms that have reached a lesser degree
of divergence. Kxamples are:—

Speeies with a distinetive isolate in eaeh of the three main
traets: Opopsitia diophithalma (see 1ig. 100, Hegaloprepia mag-
nifica, Tregellasia capito-leucops.

Species with distinetive isolates in the Cairns-Atherton and
southern tracts only : Ptilonorhynchus violaccus, Ailurocdus cras-
strostris, Sericornis eitreogularis, and SN, magnirostris. Gerygone
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(igata) richmondi has, in addition, an isolate in the Bowen-
Mackay traet.

Species with isolates in the Ctape York and Cairns traets only :
Machacrivhynchus flaviventer, Meliphaga analoga and M. gracilis.
In the flycateher (lrses the two tracts are populated by separate
species, The warbler Gerygone palpebrosa has, i addition, a
third isolate in the Mackay-Rockhampton seetion.

The barriers breaking up rain forest tracts in Australia, and
henee the distribution of rain forest species, have been listed by
Tate (1952). They are areas of dry savannah, as follows :—Coen-
Cooktown gap (southern Cape York), width 150 miles; Burdekin
gap (Townsville-Bowen), 125 miles; Mackay-Roekhampton gap,
possibly less complete, about 150 miles; Roekhampton-Miriam-
vale gap (near Bundaberg), 100 miles ; Toowoomba-Brisbane eap,
75 miles. A number of the hird speeies appear to be absent from
the whole section between about Mount Spee, near Townsville,
and the Bunya Mountains. In the case of these, the effective dis-
tributional barrier is some 400 miles wide. This is almost three
tinmes the distance between the Cairns-Atherton and Cape York
tracts and explains the greater differentiation of many southern
forms.

It 1s obvious that the distribution of rain forest bird speeies
in Australia today can ouly be explained in terms of greater eon-
tinuity of this habitat in the past. In particular, the ‘“poekets’™
between the Cairns area and the Buunya Mountains must for-
merly have been larger and more extensive,

(b) Monsoon Forest

Monsoon forests or pscudo-rain forests form narrow strips
along many of the coastal rivers in the dryer north and north-
west of the continent, an area of summer monsoon rainfall
Superficially, they resemble rain forests but differ in their re-
stricted extent and relative dryness.

Mousoon forests, and the denser mangrove areas that arve fre-
quently adjacent to them, enable a number of eastern rain forest
speeies to occur in the Northern Territory. There are about 12
of these and, with the exeeption of only two or three (e.g. Chibia
bractcata, Gerygone magnivostris), all are represented by dis-
tinetive northwestern isolates. Suelt speeies are: Rhipidura rufi
frons, Piczorliynehus alecto, Drymodes supcereiliosa and Poccilo-
dryas superciliosa, Lalage lewcomela, Ptilinopus regina and
Chalcophaps tndica, Myzomele obscwra and M. erythrocephala
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Only a couple of species of birds are restricted to the monsoon
forests of the Northern Territory. These species, Gerygoue chloro-
nola and Pltilivopus (cineta) alligator, have colonized the con
tinent from western New Guinea and the Sumba Islands, re
spectively.

The barrier separating the Arnhiem Land and eastern popula-
tions of rain forest species is the Gulf of Carpentaria and the
dry country at its head, commonly leading to a range gap of
100-500 miles. The northwestern form of the rain forest flycatceher
Rhipidura rufifrous, however, secondarily extends as far cast as
western (ape York.

(e) Sclerophyll Forest

The Australian sclerophyll forests are broken up into four
sections, three of which are extensive (Fig. 5). These are: (i)
The southeastern scetion extending from north of the DBunya
Mountains to the southeastern corner of South Australia (about
1,300 miles), and typically bordered by the sea and Great Divide.
(i1) Tasmania, insular, about 170 miles from north to south and
slightly less from east to west, mostly sclerophyll. (iii) Sonth-
west corner of the continent, a triangnlar section with a leneth
of some 150 miles and a depth of 60 miles. (iv) The Mount Lofty
Ranges and Kangaroo Island, two small, adjacent sections cach
measuring perhaps 100 by 20 miles.

In the east of the continent, various species that are basically
sclerophyll inhabitants extend through the wetter coastal savan-
nahs of eastern Queenstand well beyoud the limits of the sclero-
phyll forests proper. Again, in New South Wales, some extend
a short distance inland through the denser riverside savaunahs
of the Murrumbidgee, Lachlan, and Murray, or into elevated
sections to the west of the main range (Warrumbungle Monn-
tains and Grampians).

The avifaunas of the four main sclerophyll areas may e
snmmarized as follows:

(1) Southcastern sector: The main sclerophyll fauna is here.
Almost all sonthwestern and Tasmanian sclerophyll forms have
exact connterparts in the southeast, but the southeastern traect
has various endemie forms absent from the others. The species
restrieted to the area include : Menuwra vovachollandiae, Aleetura
lathami, Pycuoptilus floccosus, Cinclosoma punctatum, Calloec-
phalon fimbriatum, Dacelo novacguincae, Acanthiza lineata.
Petroica rosca, Eurostopodus wmysticalis, Meliphaga melanops.
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Mavorina wielanophrys. The various nectar-feeding lorikeets, con-
fined to the east, can equally be regarded as sclerophyll forest
or savannah woodland forms.

(i1) Southwest: Two species only are unique to this arca.
These are the parrot Purpurciccphalus spurius, whose nearest
relative is believed to he a New Caledonian species, and the
robin FKopsaltria georgiana. The latter probably represents the
descendents of the first of two waves of colonization by the
genus. Two wrens, Malurus pulcherrimus and M. clegans, are
now known to e genetic species, though their counterparts in
the east are infraspecifie. An additional 10 forms, though iso-
lated from their castern relatives, are so distinet morphologically
that they must have, or probably have, reached specifie distinet-
ness : Calyptorhyuchus bauding, Atrichornis elemosus, Scricornis
maeculatus (extending into South Mustralia), Meluwrus splendens,
Neophewma petrophyla, Platyccrcus icterotis, Climactoris rufa,
Zonacginthus oculatus, Gymvorhiva dovsalis and Acanthorhyn-
chus supereiliosus.

There are some 20 lesser isolates, most of them differentiated
to only a minor extent. Perhaps 10 sclerophyll forest species
have undifferentiated isolates in the sonthwest.

Southwestern Australia is remarkably rieh floristically. Ior
discussion of the flora, distribution maps of the various vegetation
formations and factors delimiting them, see Gardner (1944 : 1959,

(iii) Taesmania : The avifauna of this tract has a similar
relationship to the continental southeast as does that of the
southwest. There is one endemie genus, the monotypie ean-
thornis. a small warbler-like bird. There are three proven gen-
etie species: Acanthiza cwingt, Pardalotus quadragintus, and
Pctroica rodinogaster.  Lathamus discolor, Ncophcma ehryso-
gaster, and Pardalotus striatus, also occurring on the mainland,
apparently originated in Tasmania. About 12 endemic Tas-
manian forms are still isolated from their mainland relatives
but exeeed, or equal, the degree of differentiation typical of
species: Tribonys mortieri, Platycercus ealedonicus, Sericornis
hwwilis, Petroica wvittata, Meliphaga flavicollis, Anthochacra
paradora, Melithreptus affinis, M. (gularis) validirostris, Styre-
pera fuliginosa and S, arguta (the last three the least distinet).

Twenty or so of the mainland selerophyll species have isolates
on Tasmania that have attained a slicht to moderate degree of
distinetness, whilst perhiaps a dozen are represented by undif-
ferentiated populations.
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(iv) Mount Lofty Ranges and Kangaroo Island: This area
is merely an outlyer of the southeastern tract. Various species
do not, however, extend through to here.

I about 10 species, the populations isolated here have under-
gone a minor amount of differentiation, e.ex. Phylidonyris pyr-
rhoptera, P. novachollandiac, Acanthorhynchus {enwirostris, Zos-
tervops lateralis, Stipiturus malachurus, Acanthiza lincata, L.
nana, A. pusilla, Strepera versicolor, Climacteris leucophaca.
(tene flow has been resumed with the east in Zosterops lateralis
and Pachycephala pectoralis, presumably as a result of a minor
amelioration in eclimatie conditions. In a few instances the
Kangaroo Island populations have differentiated to a minor
extent from the Mount Lofty ones (see Table §).

(v) Barricrs aud Npcceiation: Variation and speciation in
the sclerophylt forest species follow a clear-eut pattern. They
are typically broken up into three to four stocks. in a couple
of instances there are differentiated populations in cach of
the tracts, c.g. Acanthorhyunchus tenuirostris, Zosterops later-
alis. The important trends, however, occur hetween Tasmania,
the southwest, aund southeast.

Species with distinetive isolates both in Tasmania and in the
sonthwest: Gymnorhina tibicen supersp., Platyecrcus crimius
supersp.. Anthochacra carunculate supersp., Rhipidura fuligt-
nosa, Melithreptus lunatus supersp., Phylidonyris novac-hol-
landiac, Pardalotus punctatus supersp.. Acanthiza pusilla, Seri-
cornis frontalis supersp., Strepera versicolor., Malurus cyancus-
splendcns group, Calamanthus fuligivosis, Stipiturus malachu-
rus, Pachycephala pectoralis, Twrwie varia.

Species with distinetive isolates in the southwest only, i.e.
in which the Tasmanian stock (when present) has not differ-
entiated : Zounacginthus bellus, Petroiea multicolor. The follow-
ing do not occur in Tasmania: Fopsaltria australis, Phylidonyris
niqger, Dasyornis brachypterus and D. broadbents.

Species in which the Tasmanian stock alone has differentiated :
Pliylidonyris pyrrhoptera, Platycercus clegans supersp., neither
of which oceur in the southwest: MHeliphaga lcucotis supersp;
Aquila audaxr, with a wide range over Australia, has a minor
form in Tasmania.

The four sections are isolated from each other by the follow-
ing barriers :—

Bass Strait. This has a width of 100 miles but intervening
islands reduce the maximum water gap to 50 miles.
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Coorong arid tract, southeastern South Australia. This 90-100
mile wide section of sand and sparse scrub isolates the Mount
Lofty Ranges.

Spencer Gulf. This deep coastal indentation is some 50 miles
wide at the mouth.

Nullarbor Plain and the Great Australian Bight. A vast tract
of sparse and stunted desert vegetation, 500 miles wide, stretches
westwards from Eyre Peninsula. It is this and Spencer Gulf
that isolate the sclerophyll forest of the southwest corner. (see
also page 439.)

There can he no doubt that the selerophyll forests of south-
castern and southwestern Australia must at one time have ex-
tended much closer to each other, or else that a tongue of
“‘damp serub’’ suitable as a bird habitat, joined them. Isolation
resilted from, in all probability, post-Pleistocene climatie and
sea-level changes. To what extent the arid Nullarbor barrier
would have to be narrowed to permit an interchange of sclero-
phyH birds between ecast and west cannot be stated. Some species
are better adapted to dry conditions than others, as seen from
the varying distances between eastern and western populations
in different species (note Fig. 6 in Serventy and Whittell, 1951).
On the other hand, the 90-100 mile wide Coorong arid barrier
is completely effective in a large number of species.

It is interesting to note that a couple of the sclerophyll forest
species that occur hoth in the cast and the southwest are absent
from the Mount Lofty-Kanegaroo Island section, e.g. Kopsaltria
australis, Phylidonyris niger, despite the oceurrence of suitable
habitat. This suggests that there has been secondary extinction
i the region. On the other hand, a couple of southwestern
forms have secondarily crossed the Nullabor Plain to oceur
i the savannah woodlands of Eyre Peninsula.

() Savannah Woodland

Whilst many savannah woodland species oceur throughout
the range of the association there are distinet northwestern and
southeastern components. The former is richer. These could
be said to inhabit the ““tropical’” and ‘*temperate’” section of
the woodlands, respectively, although no real dividing line exists
between them.

The vegetation maps show savannah woodland as extending
in a broad belt throngh the eastern and northern sections of the
continent (Iig. 5) but bird studies demonstrate that there is a
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major severance of the fauna into northwestern (Arnhem
Land) and castern components. There is, in addition, a minor
differentiation in the case of a few species as between Cape York
and the woodlands farther south. An extensive tract of country
in the IHamersley scetion of Western Australia, shown on the
map as savannah grassland but containing varions (predom-
inently) savanuah woodland bird species, and the isolated desert
mountain ranges of central Australia, can also best be considered
here. Melville Island, lying some 20 miles off Arnhem Land,
has a few minor isolates. The restricted section of savaunnah
woodland in southwestern Australia is of no significance orni-
thologically.

(i) Kanberleys and coastal Northern Territory: This tract
contains many endemic elements, whilst others characteristic
of the northern coastal fringe as a whole obviously originated
here. Northwestern species withont counterparts in the north-
east inelude the rock pigeons Petrophasse albipcunis and I
rufipennis, the finches Lonehura pectoralis and L. flaviprymna,
and the honeyeater Meliphaga albilineata. Northwestern species
with counterparts in the northeast are histed below.

(it) Cape York and northeastern Australia: This section
is populated by virtnally the same species, or their counterparts,
as the previous one. In a few instances, however, it has been
imvaded by additional savannah species from New (uinea, e.g.
the friarbird Phiemon movacguineae (yorki) and the white
breasted race (albiventer) of the finch Pocphila phaeton.

Speciation is actively oceurring as between the northwest
and northeast of the continent in savannah woodland birds:
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Northeastern Form

Northwestern Connterpart

Proven Species (contact without interbreeding)

Climacteris pieumnus
melanota

Climaceteris melanura

Isolated forms that have obviously reached that stage of dif-

ferentiation typical of species.

Geophaps smithi
Platyeercus adseitus
Pocphila eincta
Malwrus duleei

Well differentiated isolates

Psephotus e.
chrysopterygius

Pocphila personata
leweotis

Lesser Isolates

Futomyzon e. cyauotis
and L. e. hedleyl

Haleyon wm. macleayi

Neositta ehrysoptera

(reophaps seripta
Platyeercus vennsfus
Poephila acuticauda
Malurus amabilis

. e. dissimilis

Poephila p.
beleheri

Entomyzon eyanotis
albipcunis

Haleyon ni. publa

Neositta ehrysoptera

leucoeephala and leucoptera
N. e, striata
Myzoucla erythrocephala

kempi

Myzomela crythroeephala

In addition to the above, 1t i1s probable that the honeyecater
Melithreptus albogularis, and possibly Pardalotus melanoce pha-
lus, developed in northwestern Australia and are secondary
inhabitants of eastern Australia (Fig. 23).

(i11) Fastern Aunstralic: Included in the savannah woodland
inhabitants restricted to (south) eastern Australia are Pediono-
mus torguatus (plain wanderer), the honeyeaters JMeliphaga
fusea and Pleetorhyncha lanceolata, and the finches Lonehura
modesta and Zonaeginthus guttatus. Most of these are dis-
tributed north to about 18 or 20-degree line of latitude, i.c. they
do not oecur on Cape York.

ividence of the (former) severance of Cfape York and south-
castern savannah woodland species is scen from the existenee
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of distinet northern and southern forms in the tree-creeper
C. picumnus melanota and (. p. picwmnus (Fig. 22), the fiy-
cateher Scisura inquicta (Fig. 15), and the kingfisher Dacelo
novacquincac. In these speeies the two forms are apparently
still isolated. The fineh Pocphila cineta, however, has a hybrid
zone at the base of Cape York.

(iv) Hamersley scetion of widwestern Australia: A number
of species have distinetive isolates in this scetion.  Amongst
these are Coracina novachollandiae, Pomatostomus temporalis,
Dacelo leachii, Geopelia stricte, G. humeralis, Ocyphaps lophotes,
now with a somewhat expanded range, and Climacteris mela-
nura. Lophophaps plumiferae has a distinetive form (ferru-
ginea) amongst the rocky outerops of the area.

The range of typieal savaunah woodland forms in this section
(Climacteris melanura wellst) will be seen in Figure 22.

(v) The mountains of ccntral Australia: The desert moun-
tains constitute a refuge and velict area for some plant and
some invertebrate speeies, populations of which are isolated
there hundreds of miles away from their nearest relatives on the
coast (Keast, 1959d). Their existence is interesting evidenee of a
formerly higher rainfall in central Australia. At the vertebrate
level, the desert mountains are chiefly of significance in per-
mitting a nummber of species to live in the interior of the eon-
tinent that would otherwise be unable to do so.

Two savannah bird species have distinet isolates in the central
mountains: Rhipidura fuliginosa, in the Levi Range, and
Ntrepera versicolor, in the Kverard Range.

(vi) Melville Island: Some 6-8 Arnhem Land forms have
minor isolates on this island (see Table 8).

(vii) Barricrs: There can be no doubt that the barrier
isolating northwestern and eastern savannah woodland com-
ponents is the tongue of dry country extending through the
centre of the continent to the head of the Gulf of Carpentaria.
The 30-inch rainfall isohyet reaches the sea here (Ifig. 4). A
better appreciation can, however, be gained from the climatologi-
cal map (¥Fig. 4a), humid and sub-humid zones being isolated
by an extensive tract of semi-arid country. A minor fall in sea-
level would materially reduce the size of the Gulf.

Differentiation as between Cape York and eastern savannah
woodland speeies has probably taken place on either side of the
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tongue of dry country (shown on rainfall but not vegetation
maps) extending through to the sea in the general Townsville-
Burdekin River area (IFig. 4). This was probably more effec-
tive previounsly.

The barrier entting off the Hamersley section from the north
is the tract of the Great Sandy Desert that reaches the sea in
northwestern Australia in the vieinity of Eighty Mile Beach, a
barrier perhaps 80-100 miles wide. Another arid tract, covered
mainly by mulea serub, extends through to the sea in the general
vieinity of Shark Bay. Thouceh vegetated, this effectively keeps
the advance elements of sonthwardly-colonizing savannah and
grassland species of the Kimberleys from reaching southwestern
Australia.

The mountains of central Anstralia are surrounded by exten-
sive tracts of arid sand-plain desert.

(e) Savannah Grassland

The ground-feeding grassland species and aerial feeders that
require flat plain with scattered trees for perching are either
confined to this habitat or reach their peak of abundance here.
These include several quail species, the ehats Epthiaiura tricolor
and E. awrifrons (the latter mainly an inhabitant of salthush
within the savannah), a couple of speeies of Malurus, and the
cuckoo-shrike Iteropodocys martnus.

Savaunah grasslands eover extensive areas of Australia, Their
borders are sometimes poorly defined, there is interdigitation
with other associations and, within the area defined as grassland
on the map, there are enclosed traets and arveas of savannah
woodland, mulga and saltbush. Their continuous nature and
the fact that a high proportion of the avifauna is nomadie ex-
plains the virtual absence of isolation and speciation in the
bird inhabitants of this habitat.

Barriers: Nil.

(f) Mulga

Many bird species inhabit mulga and adjacent assoctations
(especially savannah grassland) to an equal degree. Only a
few speecies arve eonfined to mulga so that the habitat is of
limited significance ornithologically. These include, however,
the honeyeater Conopoplila whitei and the tree-ereeper Climac-
teris affinis.

The mulga tracts are eontinuous, or are made eontinuons
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by interdigitation of the dry-country vegetation formations.
The small number of plant species composing them and their
semi-arid to arid nature necessitate a eertain amount of nomad-
ismi in their avian inhabitants. Neither isolation nor speciation
arc to be found in mulga birds.

Barriers: Nil

(g) Mallee

The mallee extends across southern Australia as a broad, dis-
continnous belt. The main eastern and western sections, perhaps
700 and 500 miles long, are separated by a gap of some 200
miles. Such differentiation as is occurring in the 10-12 true
mallee species (as distinet from those also inhabiting other
habitats) occurs between these sections. In Leipoa ocellata,
Drymodes brunncopygia, and Pardalotus xanthogpygus there
is no differentiation. It is slight in Pachycephala inornata, Cin-
closoma castanotum, Psophodes nigrogularis, Glossopsitta por-
phyroecphala, and marked in Stipiturus malachurus. In My-
zantha the eastern mallee form has now reached species status
(M. melanotis). In the genus Pachycephala there is no doubt
that the eastern species P. rufogularis also originated and de-
veloped in that section. Amytornis striata and Calamanthus
(fuliginosus) ~campestris, ranging widely through the arid
country of the western half of the continent, have distinetive
isolates in the southeastern mallee.

The distribution of mallee is associated with special edaphic,
as well as rainfall, factors. The gap at the head of the Great
Australian Bight (Nullarbor Plain) is due to edaphie, as well
as rainfall, factors. Mallee oceurs only on alkaline (limy) sands
and is absent from stony lateritic areas.

(h) Desert (Spinifex) Grassland

(i) Stony (Gibber) Desert

Arid sand-desert, with its large clumps of Triodia or poren-
pine grass, provides a limited but specialized habitat for several
bird species, especially members of the genera Amytornis and
Malurus, and Stipiturus ruficeps. The bare gibber deserts are
the homes of Ashbyia lovensis, Aphelocephala pectoralis, and
Cinclosoma  cinnamomum. The two groups are differently
adapted, deuse cover being just as important to the former as
it is unimportant to the latter.
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The spinifex assoeciation is somewhat broken up by salt lakes,
gibber desert, and tracts of mulga. Only in .tmytoruis, how-
ever, do morphologieally differentiated isolates occur.

(j) Mangroves

Whilst mangroves extend discontinuously right around the
Australian coastline, only in the northern two-thirds do speeial-
ized mangrove bird species oceur.

In contrast with the other vegetation formations little precise
information is available in the distribution of, and gaps in, the
mangrove forests. Much isolation and speciation is taking place
in mangrove bird species, however,

Distinetive bird forms occur in the following areas: (i) Shark
Bay (Butorides striatus, Zosterops lulca (barely distinguish-
able), Pachycephala lanioides); (i) Midwestern Australia,
especially the Ashburton and Point Cloates sections (Pachy-
cephala peetoralis, P, laniotdes, Gerygone (magnirostris) tewe-
brosa; (iii) Derby-Fitzroy River area (Pachyeephala pectoralis)
or Derby-Kimberley area generally (Zosterops lutea, Butorides
striatus, Gerygone lacvigaster); (iv) Northern Territory-Arn-
hem Land (Pachycephala simpler, Zosterops lutea, Gerygone
lacvigaster, Butorides striatus, Pachycephala lanioides, ("racticus
quoyi: (v) Northeastern Queensland (Pachyecphala simplex.,
Butorides striatus, Cracticus quoyt); (vi) astern and south-
castern Queensland.  The species Mcliphaga fasciogularis and
(ierygone cantator are confined to this last sector.

The mangrove heron, Butorides striatus, has the maximum
nuntber of morphological forms amongst the mangrove species.
The distribution of these forms corresponds generally to those
in other mangrove species; as shown in Figure 8.

Known gaps in mangrove distribution inelude the arid
Eighty Mile Beach section and stretches of rocky and sandy
coastline along the north (sec¢ Vegetation Region map in Atlas of
Australian Resources). In addition the mangrove forests them-
selves vary in nature from place to place, some being sparse
and open, others relatively damp and luxurions. They are best
developed in inlets and along the lower stretches of rivers.

(k) Swamps, Marshes and Streams
This habitat, covering only an insignificant area of the
continent and being best developed in the southeast, has a rich
and specialized avitauna. Most water-birds wander widely,
however.
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A few spectes have morphologically differentiated isolates in
southwestern Australia and/or Tasmania, e.g. Megalurus gra-
mineus, Porphyrio porphyrio. The barriers are the arid Nullar-
Lor Plain aud Dass Strait.

1) Miseellancous Habitats

The pigeons Lophophaps plumifera and Petrophassa albi-
pewnis-rufipennis, requiring rocky outerops, are broken up into
morpholozically  differentiated isolates by traets of country
lacking in, or having only small areas of, this habitat. Sand-
plains and sand-hills, the hulk of which would probably stem
from the onset of aridity at the end of the Pleistocene, are im-
portant in limiting distribution.  The northern species of
Lmytornis are confined to three rugged river systems where
broken rock and spinifex or undergrowth oecirr in combination.
In these and other species the distributional barriers are tracts
of conntry deficient in permanent cover.

(m) Bird Species ranging throueh many Vegetation Formations
There ave no larriers to distribution in the case of these
speeies.

Water as an [solating Barrier

(a) Speciation between Anstralia and New (uinea

As noted in Seetion IV (2) the width of Torres Strait is
some 100 miles, with the longest water crossing perhaps 70
miles.  lts maximum depth in the seetion immediately to the
north of Cape York is only 30 feet. The Strait was dry during
part of the Tertiary and on two oceasions during the Pleisto-
cene.

An o assessmient of  the importance of Torres Strait as a
distributional bharrier is greatly complicated by the c¢limatic
and vegetation differences hetween the land-masses on either
side of it. The north of Australia is velatively dry, is covered
by savannah woodland, and is populated by bird speeies adapted
for this kind of life. New (fuinea specics. by eontrast, are
Jargely inhabitants of tropical rain forest and nontane forest.
There i3 only a small endemie savanuah woodland element.

Ifor the greater part New Guinea has contributed rain forest
genera and species, and a few mangrove species, to the Au-
stralian avifauna (see Seetion IN (a)). Australia is mostly
supplying savannah wooriland species to the vestricted arveas of
that habitat in southern New (iuinea.
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At the present time Australia and New (uinea have about
191 spectes of land and fresh water birds in common. These
could be allocated, in terms of origin, as follows:

Species of Australian origin, about 92
Species of New Guinea origin, about 66
Origin doubtful about 33

Of these, perhaps 52 of the Australian species (about 58
per cent) have undergone differentiation in New (uinea and
some 53 of the New (GGuinea species (78 per cent) have undergone
differentiation in Australia. The sinaller percentage figure in
the former case is because large water birds (wanderers) and
hawks are prominent in the list.

Apart from eurrently occurring speciation between the two
land masses, it is obvious that many bird groups today are
represented by equivalent genera and species in the two areas,
demonstrating that the interchange has goue on over a con-
siderable period of time. This is particularly marked in the
larger families like the honeyeaters and flycatchers but is seen
in the smaller groups as well. Thus, for example, the subfamily
Grallinae (Grallinidae) has the monotypie genus Grallina in
Australia and the monotypic Pomarcopsis in New (tuinea, and a
parallel situation, in the Timaliinae, is suggested by Psophodes
and Androphobus. Some of the larger Australo-Papuan genera
like Meliphaga (Meliphagidae), Pachycephala and Gerygone
(Muscicapidae) have a series of equivalent species in the two
land masses.

(b) Speciation between Australia and the Near Offshore
Islands

Islands are few in number off the Anstralian coast. Tasmania
alone is a large island capable of supporting a moderate-sized
differentiating avifauna. Three of the smaller offshore islands
have several minor races: King Island in Bass Strait, Kangaroo
Island off southeastern South Awustralia, and Melville Island
off Arnhem Land.

The Australian offshore islands on which differentiating
forms occur, their distance from the mainland, and the names of
the forms are listed in Table 8.

The total number of morphologically differentiated isolates
on the offshore islands (including semi-species but excluding
cases of speciation by double invasion) is 63. This figure repre-
sents about 34 per cent of the total, a somewhat high figure.
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Almost all of these, however, are on Tasmania.
(e) Speciation between Australia and the More Remote Islands

The position of the major islands and their distances from
the Australian continent are discussed in Section (1V) and are
shown in Figure 2. Their avifaunal relationships with Australia
are summarized in Table 9.

Apart from New Guinea, it will be seen that a significant
two-way faunal interchange has only occurred between Australia
and Timor. This island, moreover, lies on a main immigration
route from Indonesia to Australia, and vice versa.

Australia has supplied species to New Caledonia, Lord Howe
Island, and New Zealand, over a period, but there is no indi-
cation of the continent having received new land and fresh-
water bird species from these sources.

The avifaunal relationships between the more remote islands
and Australia may be summarized as follows:

Timor: The breeding land and freshwater avifauna of this
island possibly totals 130 species, to which various chance
visitors must be added. Oriental and endemic elements are
pronounced, though repeated interchange with Australia has
oceurred. Mayr (1944h) lists 22 bird species that have obviously
entered Australia from Timor and points out that Australia has
contributed a least 17 species to the avifauna of the island.

New Caledonia: The land and freshwater avifauna totals
68 species, out of which about 18 species are colonizers from
Australia. The island has a monotypic family, the Kagu
(Rhynochetidae).

Several of the Australian colonists have reached, or passed,
that stage of morphological differentiation typical of genetic
species. These include a robin (Eopsaltria flaviventris), a
cuckoo-shrike (Coracina caledonica), and an owlet-nightjar
(Aegotheles savesi). The endemie populations of the bustard-
quail (Turniz varia), the nightjar (Kurostopodus mysticalis), a
honeyeater (Myzomela dibapha), and others, are racially dis-
tinet. There are no apparent instances of ‘‘speciation by double
mvasion.’’

Lord Howe Island: The avifauna of this island is drawn
from New (aledonia and the other islands to the north, New
Zealand, and Australia. Several of the European species oceur-
ring on the island are self-introduced from New Zealand. The
genus Zosterops has invaded the island twice though whether
or not this has been from a single point source is uncertain.
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Of the 20 or more species of land and freshwater birds breed-
e on Lord Mowe Istand some 5 are of Australian origin. Of
these the fantail Rlipidure cervina is now faivly distiuet, the
cracticid Strepera graculina (crissalis) and the white-eye Zos-
terops latevalis (tephropleura) somewhat less so.

Neow Zealawd : The breeding land and freshwater avifauna
antounits to some 80 species, plus over 20 “stragelers’ that occa-
sionally arrvive from Australia.

Several unique families of birds are confined to New Zea-
land: the kiwis (Apterygidac), extinet woas (Dinornithidae
and  Anomalopterigidae), bush wrens (Xenieidae), wattled
crows (Callaeidac), as well as aberrant genera like Nestor and
Nirigops (parrots).

Austratia has had an important influence on the development
of the avifauna, with colonization proceeding over a consider-
able period of time. Some of these colonizers are now gen-
erically, others specifically, or racially, distinet. The Meliphag-
idae arve represented by a couple of endemie genera in New
Zealand. In the case of the robin-like flyeatchers one genus is
cudemic (Miro) and the other (the Australian Pctroica) has
elven rise to a species (. macrocephala) in the islands. The
stitts [linantopus wovac:calandiac and . lcucocephalus (race
albus) represent a case ol speciation by double invasion. The
tflveateher Rivipidura fullginose has only differentiated to the
race level (fuliginosa), as has the kingfisher Haleyon sanctus
(ragens). In more recent times an additional 8 to 10 Australian
species have colonized New Zealand (see list in Falla (1953))
and now breed there. The latest of these is the swallow Hirundo
neorcua, which became a breeding species in 1958, These forms
have yet to differentiate in the new environment.

(d) Radiation of Australian Species in the Archipelagos of
the Southwest Pacitic

Many bird species that are obviously of Austraban origin,
or that can reasonably be inferred to be sneh, are represented
by a series of insular isolates in the southwest Pacific arca.
These are discussed in Section NI1IL. They inelude Aceipiter
novac-hollandiac, Nycticoraxr caledonicus, Dupctor  flavicollis,
aud Pctroica wmulticolor (Table 9). In some eases the initial
range extension would appear to have taken place through New
Guinea but in others it has apparently been by way of New
Caledonia.
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X. HYBRID ZONES AND STEPPED CLINES —
EVIDENCES OF KFORMER ISOLATION

Hybrid zoues and stepped elines oceur in many bird speeies
and in various parts of the Australian continent. They are
not, however, common (see Table 3). IIybridization in Australia
has not yet been subjected to a proper study. This will be
necessary hefore the relative status of Gymnorhina tibicen and
(. leuconota, Barnardius zonarius and B. barnardi, Sericornis
maculatus and 8. frontalis, Platyeerens eximius and P. adscitus,
can be determined.

Iybrid Zones
Some of the more common cases of hybridization and the cir-
cumstances surrounding them are as follows:

(i) Northwestern Australia: Hybridization occurs between
the Iamersley and Kimberley races of Dacelo leachii, Coracina
novachollandiac, and Geopelia hunicralis to the north of the
Eighty Mile Beach arid barrier, some individuals of the south-
ern forms having managed to bridee it. The Hamersley popu-
lation of Ocyphaps lophotes intergrades both with its counter-
parts in the Kimberleys and in central Australia, indicating
eeneralized range extension in this species.

(i1) Northern Territory: The northwestern and eastern races
of Pacplida bichcuworii hybridize in the general region of Alex-
andria Downs, N.T. (map in Keast, 1958f), the result of the
eastern race having secondarily extended its range westward
across the dry country at the head of the Gulf of Carpentaria.

(iii) Base of Cape York: Two races of the finch Pocphila
eincte hybridize in this area. One obviously developed on Cape
York and the other in eastern Queensland. Contaet is the
resutt of both having extended their ranges outwards into the
dryer intermediate eountry.

(iv) Tip of Cape York: The small water-kingfisher Alcyonc
pusilla has a variable population here, apparently due to the
intrusion of genes from either the northwestern or New Guinea
race, or both.

(v) Darling Downs and wortheastern New Sowil Wales:
There is oceasional hybridization between the parrots Platycer-
cus eximius and P, adscitus in this region. 1t is not clear which
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of the above has invaded the range of the other but the one
obviously developed in the southeast and the other in the north-
east of the continent, respectively. (Fig. 12)

Intergradation between the three eastern races of Malurus
lamberty oceurs in this sector.

(vi) Southern New South Wales and northern Victoria: In
the genus Gymnorhina, a white-backed form occupies the south-
ern parts of the continent (lcuconota), and a black-backed one
(tibicen) inhabits New South Wales and Queensland. A hybrid
zone, corresponding generally to the Murray Valley but in
places swinging 50-100 miles to the north, or south, of it con-
nects the two forms today. The zone of hybridization is perhaps
800 miles long. The habitat of Gymnorhine is open grassland
with scattered trees, a form of association that has vastly in-
creased as a result of clearing of the country.

The possibility that there may be a broad hybrid zone in the
striped-crowned pardolates (Dicaeidae) in this seetion of the
continent, with Pardalotus ornatus itself being a hybrid form,
has already been discussed.

(vit) Southeastern South Australia: Platycercus elegans has
a series of distinctive intermediate populations in this section
connecting the typical form (on Kangaroo Island) with flavco-
lus in the Murray Valley. Cain (1955) suggests that these
forms, and flaveolus itself, represent former isolates that de-
veloped in forested pockets during a more arid phase and that
hybridization is the result of secondary range extension.

Further instances of hybridization in South Australia occur
as a result of the eastward spread of Barnardius zonarius and
Sericarnis maculatus, these meeting their counterparts (B.
barnardi and S. frontalis) in the Flinders Range and Cape
Jervis-Mount Lofty sections, respectively. It is not known
whether hybrids are rare or common.

(vii1) Complicated Continent-wide Hybridization Patterns:
Neositta chrysoptera superspecics: This case, studied by Mayr
(1950b) 1is illustrated in Figure 21. Mayr has recorded inter-
gradation between the southwestern and southeastern forms in
western Victoria and between the southeastern and ecentral
Queensland forms in northeastern New South Wales., There-
after, a series of somewhat transitional forms tend towards the
Cape York one. The status of the northwestern counterpart is
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unknown since it is apparently still isolated from the north-
eastern ones. Ilere too, however, there has been considerable
secondary range spread.

Neositta is of particular interest in several ways:

(a) The geographic counterparts had reached a significant
degree of morphological difference, with many characters in-
volved, before the barriers broke down or were abridged. (b)
Iybridization has simultaneously occurred in many places. (¢)
In some cases hybrid zones are narrow, in others broad. (d)
Many of the aveas where hybrid zones and range extensions
occur are paralleled in other groups. The two western forms,
for example, reflect the generalized eastward expansion that
is taking place iu various northwestern and southwestern forms
(Keast, 1956a).

Pachyecphala pectoralis. This species, also analysed by Mayr
(1954a), has a peripheral distribution, in the course of which
it occupies a wide range of habitats. It has no fewer than 12
geographie races, 8 to 9 of which are apparently isolates. Minor
hybrid zones conneet the others which oceur in the following
areas: western Victoria, southern New South Wales, southern
Queenslaud (probably), and Gulf of Carpentaria. Minor hybrid
zones such as occur in this species are also to be seen in a few
others, e.g. Zosterops lateralis.

Iybridization in Australia would appear to result from two
main situations: (a) range extensions across or around arid
barriers (inferring a minor improvement in the continental
climate and probably some secondary adaptation to dry condi-
tions) and, (b) outward movements made possible because of
man-made alterations to the vegetation. The majority of cases
are attributable to the former but the hybridization between
Gymnorhina tibicen-hypoleuca in the Murray Valley area has
undoubtedly been accelerated, if not caused, by the wholesale
clearing of the land and creation of great areas of the ‘‘open
field’’ type habitat of this species. Hybridization between Platy-
cercus extmius and P. adseitus in the Darling Downs and north-
eastern section of New South Wales is presumably also partly
due to these causes.

(2) Stepped Clines and Lesser Zones of Intergradation

The frequeney of oceurrence of stepped elines in Australia
cannot, at the present state of knowledge, be judged. They too
are probably not common, however.



124 BULLETIN : MUSEUM OF (OMPARATIVE ZOOLOGY

Giood examples of stepped elines are provided by the eastern
and western forms of the bower-bird Chlamydcra nuchalis in the
region of the Gull of Carpentaria, and by northern and south-
ern forms of the goshawk .Astur fasciatus. There is another in
Estrilda temporalis in the Cairns-Mackay region. Certain of
the minor zones of contact, e.e. in Pachycephala pectoralis, are
possibly more corvectly described as stepped elines than hybrid
Z01es.

Various lesser races of Dbirds intergrade in different parts
of the continent but the civenmstances are too little known to
warrant discussion, e.g. in (racticus nigrogwdaris in the North-
ern Territory and (yuenorhina tibicen along the Queensland-
New South Wales border. In the genus Calamanthus, however,
the intergradation of the forms campestris and fuliginosus in
the Byre Peninsnla and Coorong areas of South Australia is
almost certainly secondary.

Not to bhe confused with the above are instances of colour
change along a zone of steep climatie gradient, ce.g. in Swieror-
wis brevirostris and Dacclo leachii. No isolation has been in-
volved here (Keast, 1957d; 1955h).

NEOTHE AUSTRALIAN ENVIRONMENT OF THE PAST
AND FORMER SPRECIATION. ZOOGEOGRAPHIC
SUBREGIONS, THE REFUGE CONCEPT, AND
ORNITHOLOGICAL BVIDENCE OF PAST
CLIMATIC CHANGES.

Past climatic and physiographic changes on the Australian
continent must briefiy be reviewed with the objective of deter-
mining if': (a) snbstantially different moulding forces operated
during the development and radiation of the major bird groups:
(b) the eircuumstances of origin of speeialized avifaunas can
be determined; and (¢) factors influeneing speciation in the
past have Dbeen substantially  different from those operating
today.

Characteristies of ihe Tertiary, Pleistocene, and early Reeent
in Australia

Tertiary: The restricted information available indicates the

following: (i) The continent was flat throughout and there were

protracted periods of still-stand. (i) New Guinea and Tasmania
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were In continuity with the mainland for part of the time. (iii)
Extensive freshwater lakes ocenrred in the interior. (iv) Verti-
cal earthh movements initiated some of the major physiographic
features of today: the Hastern Highlands or Great Divide, the
Mount Lofty and Flinders ranges in South Australia, and the
Spencer and St. Vineent gulfs, the latter deep coastal indenta-
tions that were to act as further barriers to west-east distribution.
The Olary Ridge arose astride the southward drainage of Lake
Lyre into the sea. (v) The climate was humid and warm. (vi)
There was a pan-Australian, broad-leafed, mesophytic flora, for
much of the period with trees sneh as Cinnanomum and Notho-
fagus prominent. In the late Tertiary, however, xerie elements
like Fucalyptus and Aeacia became ascendent.

Pleistocene:

(1) The continent continued to he flat. (i) The Great Divide
was further elevated in early Pleistocene (or late Pliocene), so
that new erosive cyeles were initiated. The Great Australian
Bight was formed by down-faulting. (ii1) Sea-level changes
occurred in association with the glacial periods in the Northern
Hemisphere, major falls of 250-300 feet twice bringing New
Guinea and Tasmania into hroad contact with the continent.
(iv) Glaciation was negligible in continental Australia, never
more than a few hundred square miles being affeeted. (v)
Over larze areas of the continent, and for a cood portion of the
Period, the rainfall was reasonably high. Deep alluvial deposits
of Pleistocene age are known from many parts of the continent.
The central lakes continued to hold water. (vi) Fossil remains
show that giant herbivorous marsupials continued to range
widely over the continent. Crocodile fossils are known from
South Australia, and elsewhere in the south, hundreds of miles
beyond their present distribution. One of the southern lung-
fish fossils is apparently also Pleistocene. (The Pleistocene florva,
unfortunately, is virtually unknown.) (vii) The continent was
subjeet to elimatic oscillations, althongh the extent and number
of these is not known. Various geologists, and the climatologist
Gentilli (1949) have taken the view that the whole continent
passed through periods of generalized wetness aud dryness at
these times. Dossibly more generally acceptable, however, in
that it accords with the theory of shifting wind belts, is that the
arid belt oscillated between south and north (IXeble, 1947). That
15 to say, whilst the south was ‘“wet’’ the north may have been
“dry,”” and viee versa.
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Three to four climatic oscillations, to accord with the number
of glacial periods in the Northern Hemisphere, apparently oe-
curred. The geologist Fairbridge (1953) has suggested, how-
ever, that the rainfall would have been inereased at the height
of each Northern Hemisphere interglacial as well as glacial
period, with each change being marked by a somewhat dry
period. This would wean that the south of the continent may
have had as many as eight “‘pluvial periods’ of varying inten-
sity during the Pleistocene. Apart from these considerations,
however, an increase in the continental area in the north, the
result of a fall in sea level, might well have had the direct
effect of causing aridity over this seetion (('. IV, Brooks, in
Mayr, 1944b).

Soil evidenee, helieved to support the series of climatic oseil-
lations in the Pleistocene (Butler, 1956) is now believed to
refer, in the main, to later climatic fluetnations (Butler, per-
sonal comm. ).

Early Recent: Widespread aridity followed the end of the
Pleistocene. In northern South Australia, central Australia, and
parts of Western Australia, the Northern Territory, and Queens-
land, there was a wholesale drying up of rivers and lakes, by
now deeply silted. That the onset of the great aridity, as it has
come to be called, was sudden and drastic is shown by the soils
becoming freely exposed to wind erosion over a wide area (due
to the inability of the plant cover to adapt quickly), and dune
systems being built up (Crocker and Wood, 1947). Thus, with
the advent of the Recent period the continent came to assume
its present form of an arid land mass surrounded by peripheral
strips and pockets of fertile country. There is uncertainty as to
when the “‘maximum aridity’ occurred. Provisional radio-
carbon dates, however, indicate that the last of the giant herbiv-
orous marsupials may have died out as recently as 13,000
vears ago (Gill, 1955), or even 7,000 years ago (R. Tedford,
personal communication).

The evidenee today is of some minor climatic improvement.
Dune systems are vegetated in places and there has been see-
ondary range spread of various plant and animal species.

Iformer Radiation and Speciation in Australia

It is obvious that the changes in the Australian continent
since the Dbeginning of the Tertiary have been of the most
profound kind. From a well-watered, well-vegetated land mass
supporting a mesophytic flora, it has changed, through a series
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of climatie oscillations, to an arid continent on which this flora
is confined to a few peripheral sections and pockets.

The original development and radiation of the Australian
fauna took place under climatie conditions vastly different from
those today. The nature of these earlier isolating barriers are
diffienlt to assess.

The ‘‘great aridity’’ of the early Recent obviously had the
most profound implications. Prominent elements like the giant
herbivorons marsupials were exterminated. The then-existing
flora and much of the fauna of the interior must have been
eliminated or clse compressed into pockets where conditions
were less severe. The relict distribution patterns of animals like
Sarcophilus  (Tasmanian Devil) and Thylacinus (Tasmanian
Wolf), whose fossils are known from western New South Wales
and Western Australia, stem from this period. The lungfish
Neoceratodus is now confined to the Burnett River, Queensland,
and crocodiles to the northern coastal regions of the continent.
The drymness of the Australian continent today (one-third arid,
one-third semi-arid), the dominance of the dry-adapted animals
and plants over the greater part, and the present-day distribu-
tion of the various vegetation formations are thus, in effect,
relatively recent.

In contrast with its climate, the Australian continent has
not altered physiographically to any great extent. Nevertheless,
the elevation of the Great Divide in eastern Australia in the
late Miocene, and its further development in the early Pleisto-
cene has been of great signifieance. The Great Divide influ-
ences precipitation over a large section of the east (giving it a
uniform rainfall instead of one largely confined to the winter or
summer). Its presenee ensures a considerable habitat diversity
in the eontinent. All the rain forests, and most of the sclerophyll
forests, are confined to it. The Great Divide is the major
“‘refuge area’’ in whieh ‘‘fertile-country’” animal species (and a
good proportion of the unique endemics come in here) are
able to persist. Again, many of the tropical New Guinea ele-
ments that have colonized the northeast have been able to do
so beeause of the conditions ereated by the northern end of the
range. The abrupt changes in elimate and vegetation along the
top and western slopes of the (reat Divide are the limiting
barrier to many species.

A second physiographic development consists of the mid- and
late-Tertiary changes in Sonth Australia: (i) the formation

]



428 BULLETIN : MUSEUM OF COMPARATIVE ZOOLOGY

of the St. Vincenis and Spencers Gulfs, and the Great Au-
stralian Bight, by down-faulting and, (ii) the elevation of
the Mount Lofty and Flinders Ranges and of the Olary Ridge.
The Bight along with elimatie and edaphie factors, was to
take over from the intrnsive Cretaceous sca the maintenance
of major floristic differences between east and west. The Mount
Lofty Ranges today support a pocket of selerophyll forest in
what would otherwise be dry country. The elevation of the
Olary Ridge, across the drainage of Lake Eyre into the sea, and
the damming back of the steadily silting lake, must bave had a
local influence on animal distribution subsequently.

Little can be said of the eirenmstances of origin of the *‘spee-
ialized avifaunas’ of today except that it is donbtful if any are
particularly recent. 1t has been suggested by the writer, in
coutrast to the views of certain geologists who have postulated
periods of fairly nniform fertility during the Pleistocene, that
some desert must have been present on the continent through-
out. This is beeanse Australia has a number of unigque and
highly specialized desert elements, e.g. the marsupial mole
(Notoreyics), the devil hzard (Moloch), and the tree Casuarina
decaisneana. These have obvionsly had a long history (Ieast,
1959a). The genus Amytornis is the nearest approach to a true
desert genus amongst the birds, thoneh there are gunite a number
of desert species within genera.

Much of the selerophyll avifauna is obviously old, as are
many of the savannah woodland elements. On the other hand,
mangrove speeles and, with one or two exeeptions, rain forest
speeies, are fairly recent inmuigrants from the tropics.

Wood (1959) has stressed that the major Australian plant
communities, thongh stable, are relatively young. There has
undoubtedly been a long standing tendeney, however, for rain-
fall and vegetation formations to have a zonal distribution, and
for the components to bear a relative relationship to each other.

It is obvious that speciation patterns prior to the onset of
aridity wonld not have been the same as those operative today.
Nevertlieless, the fact that *‘refuge areas’ ave centred on hilly or
mountainons segnients that have been relatively constant in posi-
tion sinee the Tertiary (though not elevated nor croded to the
same extent) suggests that they may have, over a period, been
centres of origin of new forms. As noted, the differentiation of
New (uinea immigrants in Australia has been oceurring con-
tinuously.
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The key to mueh of the Pleistocene and Recent speciation
undoubtedly lies in the elimatic oscillations to which the con-
tinent has been subjeet. A mueh better understanding of these
is needed. This particularly applies to the history of the
Nullarbor arid barrier, isolating the very interesting faunas of
southeastern and southwestern Australia. In this regard it has
heen reasoned that every south-north shift in the continent’s
centre of aridity would lead to a tongue of better watered and
better vegetated country extending aeross the head of the Great
Australian Bight. Speciation in some birds (Psophodes, Fop-
saltria, Pachycephala  inornata-rufogularis), various frogs
(Main, Lee and Littlejohn, 1958), and tabanid flies (Dr. I
Mackerras, personal communication) would appear to be ex-
plicable ouly in this way — waves of east-west colonization by
animal species, ocenrring with each improvement.

Several of the major distributional barriers of today wonld
have been eliminated or made less effective, not only by changes
in rainfall, but by changes in sea level. A relatively small fall
in sea level would have rendered the Gulf of Carpentaria dry
land and permitted a much greater flow of forms between the
northwest and northeast. The reduction or elimination of Bass
and Torres Straits must also have led to a greatly accelerated
interchange of forms with Tasmania and New Guinea.

Each elimatie shift in Australia has undoubtedly modified
and altered the vegetation pattern. With each major change
some bird speeies must have prospered and expanded their dis-
tribution, others beeome more restricted, and others undergone
new adaptations. New forms and species that had developed
at some isolated ‘*point souree’” conld have undergone marked
inerease in range at these times, Those that had reached species
status could have come, or been forced, to occupy new habitats
adjacent to those of their parents. In other cases, hybrid belts
would have been formed. Lastly, amongst the various adapta-
tions would be some with indirect evolutionary consequences,
e.c. from a sedentary to a nomadic way of life, and viee versa.

The Zoogeographic Subregion Concept in Australia
The concept as it applies in Australia has recently been dis-
cussed by the writer (Keast, 1959¢), and the various subdi-
visions as advanced by workers in the different zoological
groups have been reviewed. The conclusion was reached that,
so far as the eoncept has a place in Australian zoology, the
scheme of Baldwin Spencer (1898), with its three simple
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subdivisions (see later), is the most natural arrangement. The
Spencer scheme has recently been modified and adopted for
birds by Serventy and Whittell (1951). In contrast with the
Spencer scheme, the multiplicity of subdivisions advanced by
some invertebrate workers were found, for the most part, to
correspond to refuge areas, and areas of minor isolation, in
the higher vertebrates.

The scheme of Spencer, derived originally from a study of
mammals, frogs,' ete., is as follows:

Basstan Subregion: Forested coastal regions of New South
Wales and southeastern Australia, including Tasmania. The
isolated southwest corner is also rieh in Bassian elements. The
Bassian region corresponds closely to the limits of the sclero-
phyll forests in Australia.

Torresian Subregion: Torested coastal regions of the north
and northeast of the continent. This element is mostly of New
(tuinea orvigin. The zone corresponds approximately to the
hmits of tropical rain forest and tropieal savannah woodland,
thongh elements penetrate south for varying distances down
the east and west coasts.

Eyrean Subregion: Dryer interior of the eontinent, and ex-
tending to the coast in the south and west, especially where the
arid country extends to the sea.

To what extent these divisions can justifiably be regarded as
“areas of origin,” as distinet from ¢‘faunistie blocks” linked
by ecommon mneeds in the way of climate and vegetation and
adaptations to environment, it is diffienlt to say. The Bassian
zone, as noted, is a refnge arca where various old ‘‘wet eountry’’
species and forms have been able to persist. The Torresian
sector retains its distinetness to a degree because it is the sector
of the continent in which new arrivals from the north establish
themselves. In places, the division between the regions is fairly
sharp, so far as birds are concerned. This applies as between
the Bassian and Eyrean species in inland New South Wales.
On the other hand, the postulated line separating Bassian
and Torresian elements in the coastal sector has little founda-
tion. Individual Basstan, Kyrean, and Torresian species
more often than not do not extend to the limits of their indi-
vidual region but occupy only part of it. Again, and as would

11n a recent comprehensive study of the Australian amphiblan fauna, Dr.
J. R. Moore (personal commuunication) has concluded that frog dl’;tnhutmn
ther!}s do not justify the recognition of zoogeographical subregions in
Australia.
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be expeeted, there is a varying degree of penetration by indi-
vidual speeies from one region to another. This factor has
caused Serventy and Whittell (1951) to veiterate that the
zoogeograpliie subregion concept is ouly valid if used in the
““fluid,”” rather than the statie, coneept.

It is donbtful if anything is to be gained, from the speciation
viewpoint, in trying to analyse the Australian avifauna from
the zoogeographie subregion, rather than from the vegetation
formation, viewpoint. The vegetation formation is a mueh more
real factor in bird distribution. Each of the basie vegetation
formations has a series of bird species, and sometimes even
groups, confined to them. These, along with an associated quota
of plant and other animal speeies, Tive under common biotie
and physieal conditions aud can readily be referred to by the
terms ‘‘selerophyll forest fauna,”” ““savannah woodland fauna.”
and so on.

The Refuge Concept in Australia

Bird workers who have diseussed aspeets of the refuge con-
cept in Australia include Gentilli (1949), Mayr (1850b), Ser-
venty (1951), Condon (1954), (fain (1955), and Keast (1957¢).
As yet, however, no attempt has been made at a comprehensive
survey or study of the major refuge areas on the eontinent and
their characteristies. 1t is hasie that, if the refuge theory has a
real application in birds, there must be a large measure of con-
sistency, from group to group, in the areas that have acted as
“refuges.”’

“Reliet type” distributions have long been recognised by
Australiun biologists: see the TLotanists Crocker and  Wood
(1947) and the entomolgist Tindale (1949) with respect to the
plants and buttertiies, respeetively, of South Australia. It must,
however, be recognised that hirds, with their moderate capacity
for dispersal yvet reluctance to eross hostile areas, and moderate
to large hody size (requiring a reasonably large area to survive),
are more likely to reveal what are the hasie refuge areas in
Australia than plants or invertebrates with little capacity for
dispersal.

Figure 27 shows the major refuge aveas in Australian hirds
as indicated by the present survey. The black arrows, and
letters, indicate the barriers that isolate them.

These refuge areas have the following characteristies:

ta) Kach is an area of hilly or mountainous terrain (see ic.
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37, has a higher rainfall than the surrounding country, and
henece provides a measure of protection from seasonal and long-
term shifts in climate. It has a distinetly richer and more
diverse vegetation than its environs.
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Fig. 27. Refuge areas (which are also major centres of isolation) on the
Australian continent. These are typically mountainous or hilly sections,
as follows: southeastern seetion of Great Divide, Mount Lofty Ranges, Eyre
Peninsula, southwest corner, Hamersley section, northwestern section, north-
east (Cape York), central Queensland, and central ranges. These are of the
greatest significance in sclerophyll forest and savannah woodland species.
Mangrove species are, however, isolated in the Hamersley, northwestern and
northeastern segments, and a few rain forest — monsoon forest species as
between the northeast and northwest.

The numbers (1-4) indicate the major rain forest refuges.

In the case of a few bird species (especially parrots) river systems have
acted as refuges. The Murray-Darling basin has been of importance in a
few speecies and the rivers entering the Gulf of Carpentaria in one.

The black arrows and eapital letters indicate the major isolation barriers
(sece text).
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In the ease of a few of the parrots and one or two other bird
species, river systems act as refuge areas. Riverine refuges
have been earlier recognised for eertain plants by the botanists
Crocker and Wood (1947).

(b) Most contain more than one basie vegetation formation.

(e) Bach supports several and sometimes a great number
ot isolated bird populations, forms, or speeies which in turn
belong to a variety of different groups. The most distinetive
forms oceur between the northeast and northwest, and south-
west, of the continent, respeetively.

These major refuge areas, summarized in Figure 27, are as
follows :

(a) Northwest corner (especially Arnhem Land): Many
savannah woodland, monsoon forest and, to a lesser degree,
savannah grassland and mangrove forms are isolated here. A
number of them have reached a significant degree of differenti-
ation. For examples see Figures 12, 21, 22 (savannah species),
and 8 (mangrove species). This is also a somewhat important
area in the case of plants and varions other animal groups.

(L) Northeast corncr (especially Cape York): Savannah
woodland, rain forest, and a few mangrove species have isolates
here. Sinee, however, most rain forest and mangrove forms have
seeondarily been derived from New Guinea, the hilly seetions of
(Cape York have only really funetioned as a refuge in the ease
of some savannah species. Many of the latter are counterparts
of those in the northwest. For examples see Fignres 12, 21, 22,

(e) Central Quecensland: Unlike the others this is not a
compact area but is somewhat vague and ill defined. That it
is really a series of minor refuge arcas is indieated by the
multiple geographie forms in Platycercus adseitus and Neositla
(Figs. 12 and 21). Again, several restricted areas of higher
elevation rise above the Great Divide which is rather low here,
giving rise to rain forest pockets. These areas are Atherton, the
Clarke Range (adjacent to Bowen and Maekay), and Bunya
Mountains.

In addition to the above, there is a degree of isolation and
differentiation between various savannah woodland inhabitants
of eentral Queensland and those of Cape York, e.g. Seisura in-
quicta (Iig. 15), Climacteris piewmnus (Fig. 22), and Poephila
cincta.

Central and southeentral Queensland are populated by a
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series of distinctive elements in the case of land snails (Me-
Michael and Iredale, 1959), whilst several distinet species of
reptiles are confined to this sector (Keast, 195%¢).

(d) Southeast of contincut: This extensive mountainous strip
extends from the Dunya Mountains in southern Queensland
to central-western Vietoria. It is riech in endemie genera and
species in all animal groups and is by far the most important
of the refuge aveas. Sclerophyll (mostly), rain forest, aud
savannah woodland elements are contained within it. At the
same time, some subsections within it are of importance on their
own, e.g. Maepherson-Dorrigo rain forests, Koskiusko Plateau
(in invertebrates). Insular Tasmania, with its many indigenous
species and races is an isolated segment. Examples include
those shown in Figure 12, 21, 22,

(e) Mouunt Lofty Ranges and Kangaroo Island: These selero-
phyll sections are minor refuges, and various populations iso-
lated there have reached a minor degree of differentiation. One
sueh is indieated in Figure 19.

(f) Eyre Peninsula: This functions as a minor refnge area
for a couple of savannah species of southwestern origin (e.g.
(limacteris rufa occidentalis, Fig. 22).

It fulfills a similar role in the case of various plants (Wood,
1959) and some invertebrates.

(g) Southwestera corner: This is an important refuge area.
It eontains one monotypie bhird genus and a couple of dozen
forms that have differentiated to varying degrees from their
counterparts in the selerophyll forests of southeastern Australia.
Many others are isolated but undifferentiated. Nevertheless, its
importance in birds compares in no way with that in plants, 75
per cent of the species of which are endemie to the region.
About 8 monotypic reptile and 3 monotypic marsupial genera
are restricted to southwestern Australia. For examples see
Figures 12, 22, and 23,

(h) Hamersley area: Several savanmah woodland and grass-
tand bird speeies have morphologically differentiated isolates
here, e.z. Clanacteris melanura (Fig. 22). The mangrove forests
of this section also support various morphologically differenti-
ated isolates (sce Fig. 8).

The biological significance of this area is that it contains a
somewhat impoverished outlyer of the Kimberley flora and
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fauna, largely isolated today, mixed with a range of intruding
desert elements.

(1) Maedonncll ranges and other mountain ranges of Central
Australia: A number of savannah species have populations
here that are isolated to a varying extent. Only in a couple
of cases, however, has difterentiation oceurred and in each
case it is relatively minor; example, Rhipidura fuliginosa albi-
canda, Figure 14, A number of plant species have outlyers here
1solated by hundreds of miles from their counterparts in the
southeast (see Keast, 1959d).

(j) The Rain Forest refuges: These are numbered “‘1-47" in
Iigure 27. The Cairns-Atherton traet is by far the most import-
ant and it has a large and diverse avifauna. On the other hand,
the Clarke Range is apparently only of limited importance. As
noted earlier, isolation and differentiation in rain forest species
are mostly taking place between the Cape York, Cairns-Ather-
ton, and Bunya Mountains-Dorrigo tracts. The isolating bar-
riers are areas of dry open savanuah.

(k) Riverine refuges: Where traets of forest are developed
along river svstews there is a marked tendency for a richer
avifauna than in the dryer surrounding ecountry. Several of
the viver systems have well differentiated isolates, especially
in parrots. These include those draining the Hamersley plateau,
the northwest and southwest of the continent and the central
ranges. [n addition, the Murray-Darling system (see map) has
several distinet bird forms including the parrots Polytelis
swainsoni and DPlatyecreuns flavcolus, and the rivers draining the
Gulf of Carpentaria have one distinet form, the parrot Bar-
nardius barnardi maegillivrayi.

Barriers between Refuge Areas

The barriers isolating 1he refuge areas arve, typically, sections
or tongues of dry or arid country, as will be seen from the
rainfall, ¢limatic and vegetation maps. They are marked *“A’’
to ‘(77 in Figure 27. These have already been discussed in
Seetion 1 X with respect to breaking up the basic vegetation
formations. They may be briefly listed as follows:

(A) Coorong arid seetion (90 Mile Desert), a tongue of arid
country extending south from the interior.

(1B3) Spencer Gulf, a deep coastal indentation with arid
country about its head.

(C) Nullarbor Plain (arid) and Great Australian Bight.

(D) Tongue of arid country extending from the interior to
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the coast in the region of Shark Bay.

(1) Eighty DMile Beach arid section, a tongue of the Great
Sandy Desert extending through to the sea.

(I") Tongue of dry country extending from inland to the
head of the Gulf of Carpentaria.

(G) Tongue of somewhat dry savannah country extending to
the sea in the vicinity of Townsville. It is easy to see how
this belt, perhaps 100 miles wide, should break up the distribu-
tion of rain forest species. The fact that a few savannah wood-
land bird species have differentiated populations to the north
and south of it suggests that it may formerly have been more
severe.

The Macdonnells and other ranges in central Australia are
surrounded by a series of arid tracts, the Arunta Desert to
the east, Great Sandy Desert to the west, extensive gibber
plains to the south, and stunted desert scrub to the north.
These serve today to isolate the animal inhabitants of the central
ranges from their counterparts elsewhere in the continent.

As has previously been noted, the rain forest tracts (‘1 to
4”7 in IPig. 27) are isolated from each other by traets of dry
savannah woodland, whilst the riverine refuges are surrounded
by flat, more open country.

Sonte Fragmental Avian Evidence supporting the Postulated
Quartenary Climatic Suceessions

During the present survey, and elsewhere, a lmited amount
of avian and other evidence that appears to support the postu-
lated south-north movements of the climatic Lelts has Leen noted.
It is as follows:

Evidence that the north of the continent has been wetter than
at present: (a) The distribution of the chat, Epthianura erocca,
a species requiring somewhat damp river valleys, is now broken
up into four populatious, respectively 800-900 mites apart (Fig.
16). In former times this type habitat must have been much
more common across the north of the continent.

(b) Many of the endemiec savannah species in the north
have isolated counterparts in the northwest and northeast cor-
ners of the continent, respectively (see earlier).

Lvidence that the north of the continent has been dryer than
at present: 'The isolated ‘“‘species’ of Amytornis along the
northern seaboard are examples (Fig. 18a). They are derivatives
of the desert spinifex species .1, striatus and their requirements
in the way of cover are such that they could only have reached
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their preseut position by a continuous tract of spinifex formerly
extending throuch to the sea in this section.

Evidence that the south of the continent has formerly been
more fertile: (a) There are a great many sclerophyll bird
species with isolated counterparts in the southeast and south-
west of the continent, respectively.

(b) Certain relict bird populations in the mountains of cen-
tral Australia, i.e. Rhipidura fuliginosa albicawda, Strepera ver-
steolor centralia.

(¢) Certain “‘relict-type’” distributions in southwestern Au-
stralia, e.g. Atrichornis clamosus, Dasyornis broadbenti; also
the persistence of Phaps elegans and other species on the Abrol-
hos Islands, despite their occurring on the mainland only a
cousiderable distance to the south. (Serventy and Whittell,
1951).

Evidence that the south has been dryer: Biological evidence
for this is, of course, difficult to find as far as present-day dis-
tributions are concerned, for it is scarcely possible for ‘‘outly-
ers’’ of formerly widespread arid country species to survive in
what are now humid zones. A possible example may, however,
be the occurrence of a breeding population of the dry country
robin, Petroica goodenovii, on Rottnest Island, the neighbour-
ing mainland being occupied by P. multicolor (D. L. Serventy,
personal communication). Again, the secondary range extension
outwards from the southwest corner of species like Ncositta
(ehrysoptera) pileata and Acanthiza pusilla albiventris must
infer a slightly improved climate.

Certain mammalian fossil oceurrences are significant. L.
(ilauert (personal communication) has recorded remains of the
dry country bandicoot, Macrotis lagotis, in post-Pleistocene
cave deposits at the Mammoth Cave, southwestern Australia,
where the animal no longer oceurs. Similarly, Lundelius (1957)
found fossil Dasyecrcus, an arid country dasyurid, as well as
Sminthopsis hirtipes, in caves north of Perth, many hundreds of
miles south of their present desert habitat.

In contrast with the above, Tindale (1949) and Condon
(1954) take the view that the persistence of a few relict bird
and butterfly populations in South Australia indicate that the
climate in this section could not have been materially dryer in
the recent past.

Evidence that the south of the eontinent has been subjeet to
more than one “eclimatie swing.”” Evidence for this comes from
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frogs (Main, Lee and Littlejohn, 1958), tabanid flies (Dr. 1.
Mackerras, personal communieation), birds like Psophodes oli-
vaceus-nigrogularis (map in Keast, 1958g) and Pachyccphala
rufogularis-inornate (see Kig, 13), and Fopsaltria georgiana-
australis.

More examples of double invasion of the southwest by selero-
phyll forest bird species might be expected than actually occur.
Lopsaltria georgiana and . australis griseogularis is, however,
a good case of this. The red-backed wrens of the Malurus lan-
berti complex (M. clegans and M. pulcherrimus) might well be
a sccond, and the zonal races of the thornbill Acanthiza pusilla
in the southwest, a third.

The way in which various bird genera are represented by
distinet speecies in adjacent and ‘‘parallel”” vegetation zones
could, in point of fact, be evidence of climatic ‘‘swings.”” These
species could only have arisen in isolation (possibly during
arid phases) and presumably become preadapted to the second
habitat prior to the changing climate permitting them to spread
out through it as it expanded. Tt will be noted that Paramanov
(1959) has postulated shifts in the temperature zones in asso-
ctation with glaciation to account for the altitudinal zonation of
certain fly species in the Australian Alps.

Soil-Vegetation Relationships and the Climatie Past

Soil, next to climate (present and past) and topography, is
the chief factor governing the distribution of vegetation. Ae-
cordingly, it can be said that the edaphic history of an area
and the distribution of the major soil areas today have a basie
influence on present day animal distribution. Alternatively, the
major soil changes during the Tertiary and Quaternary must
have also had a direet bearing on past animal distribution.

As has been noted, the zonal soil groups in Australia follow
a similar pattern to rainfall, as will be seen from a comparison
of KFigures 5 and 6. That they follow a broad but not absolute
correlation with much of the zonal vegetation sequence has
been stressed by Wood (1959) and others. The maps indicate
that this correlation is best between selerophyll forest and the
podsols, mallee and the mallee soils, desert loams and mulga,
and  desert sandhills and desert grassland.

Soils are highly eomplex and variable substances and their
Tevelopment and evolution are conditioned by many factors,
including parent material, age of land surface, relief, climate
(rainfall and temperature), vegetation, and even the fauna.
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Again, most soils are polygenetic, the result of more than one
combination of soil-forming factors (Crocker. 1959h). The
physiographic and climatie changes outlined for Australia have
thus, obviously, had a direet influence on soils: mountain
building, sedimentation, erosion, wind, vuleanism, fluviatile and
arid periods, ¢limatic and rainfall shifts, and plant growth itself.
ITence, it must be stressed that a simple rainfall change does
not permit the biologist to assume that this would antomatically
lead to the development, over that section of the continent, of
the vegetation assoeiation that exists in the equivalent rainfall
zone today. The influence of the change may, in point of faet,
be direct, or it may be indirect and dependent upon a vegetation
or microbiotie suecession first ereating the necessary soil nutri-
ents.

Unfortunately, little more has as yet been learnt of past soil
changes in Australia than of past vegetation changes. BEdaphie
factors serve to explain the most puzzling, and certainly the
most important barrier to plant and animal distribution in
Australia today, that serving to isolate the forvests of south-
western Australia from those of South Australia and the cast.
This isolation, origzinally assoeiated with the (‘retaceous and, to
a degree, Tertiary seas, has heen shown by Croeker and Wood
(1947) to have been suceessfully retained long after the disap-
pearance of the physieal barrier by (a) the sonthwestern forests
heing specialized for lite on lateritie soil, (b) the accession of
calcarcous loess during the late Pleistocene, resulting in a large
area of pedocaleye soils lying right across their potential routes
of colonization to the east plus, of course, the elimatie factors
already discussed.

NIl “ECOLOGICAL” SPECIATION.  TIIE
DEVELOPMENT OF [TABITAT DIFFERENCES
BETWEEN SPECIES

It has been stressed that the habitat occupied is a ‘‘speeies
character’ in the case of most Australian birds. Ilenece, it is
important to endeavour to explain the origin and development
of these ecological differences.

Two approaches could give this basic information: (1) A
survey of the speeies to show if any vary geographically in
habitat occupied (in the way that they vary geographically in
morphological characters) and, (2) A study of the ecology of
related speeies occupying adjacent habitats. This should reveal
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Just how great the differences between them actually are and
how they might have arisen.

The latter approach obviously requires detailed field studies
and hence can only be lightly discussed here. Tt is, however, a
profitable field for future investigation.

Geographic Variation in the Ilabitat occupied by Species

(a) Ilabitat Versatility in Species with Broad or Generalised
Ranges

Whilst some speeies are restricted to one vegetation forma-
tion, others extend through many, sometimes ranging widely
over the continental land mass. In these cases it is to be ex-
pected, since the physical and biotie conditions will vary, that
extreme populations will differ in their adaptations. Isolation
is lacking in species with wide and extensive ‘‘interior type’’
distribution patterns aud is unlikely to arise.

However, as suggested by various authors, the severance of
any continuously ranging species into two parts would con-
solidate and inerease the ecological differences between the
extremes.

(b) Habitat Variation in Species with Peripheral or
Specialized Ranges

As noted, 1t is in these species that the majority of mor-
phologically ditferentiated isolates occur. IHere too many sig-
nificant cases of geographic variation in habitat accompanying
speciation are to be found. A selection of these is as follows:

(1) Within Species

Ridpidura juliginosa and Pachycephala  pectoralis:  These
two species extend, with various isolates, almost completely
around the periphery of the Australian continent. Sclerophyll
forest is oceupied in castern and sonthwestern Australia, rain
forest in the northeast, monsoon forest in the northwest, and
mangroves in the west. Pachyeephala also oceurs, in places, in
mallee and Rhipidure has an isolated outlyer in the Macdonnell
ranges. I'his habitat variation in Rhipidure fuliginosa will be
seen in Figure 14,

The common denominator of these habitats is dense cover.
Otherwise they bave relatively little in common.

Eopsaltrie australis and Climacterts rufa: Both of these
species liave a fairly wide habitat tolerance in southwestern
Australia, though their headquarters are the sclerophyll forests.
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Each has an isolated outlyer in the savannah woodland on Eyre
Peninsula to the east of the Nullarbor Plain.

Climacteris leucophaea. This species occupies sclerophyll for-
est in eastern and southeastern Australia, rain forest in the
Cairns-Atherton sector, and mountain forest in New Guinea
(see map in Keast, 1957¢). The north Queensland and New
Guinea races are isolated. The rain forest form (minor) is
approaching that stage of differentiation typical of a full
species.

Strepera vericolor. This is a mountain species in the south
east, but it has a derivative in the dry mallee of western Vie-
toria.

Stiptturus malachurus. This species, basically an inhabitant
of submarshy heathlands along the coastal fringe, provides
an interesting demoustration, in the western part of its range
(Fig. 19), of the adaptational pathway to life in the semi-arid
mallee and arid spinifex desert.

A derivative, 8. ruficeps, is isolated in the spinifex desert of
the centre of the continent.

(i) Within Superspecies

Nericornis frontalis — S. humilis — N. macwlatus: The habi-
tat in this group extends from rain forest and sclerophyll forest
in eastern Australia to dry sclerophyll, savannah woodland.
and coastal thickets in the south and southwest of the con-
tinent.

Calamanthus  fuliginosus — C. campestris: The former -
habits the damp peripheral coastal section, the latter the semi-
arid and arid inland. There is a morphological and habitat
transition zone in South Awustralia.

Psophodes olivaceus — I'. nigrogularis: The former occupies
the wet rain and coastal selerophyll forests in the east. The
latter occupies the coastal thickets and adjacent selerophyll in
the southwest, and the semi-arid mallee of that section and of
inland Victoria. That is to say it demonstrates the transition
from life in wet to life in dry country (IKeast, 1958g).

Amytornis striatus: 1lere the parental form has an exteusive
range through the spinifex sandplains of the mterior. I'rom
it isolated species that live in rock river gorges have Dbeen
“‘budded oft”” around the periphery of the range (Fig. 18a).

Malurus cyancus — M. melanotus — M. splendens group: In
this case a chain of 4 distinetive forms (3 of which are certainly




442 BULLETIN : MUSEUM OF COMPARATIVE ZOOLOGY

so distinetive that they must be regarded as species) are isolated
m a series of climatically quite dissimilar habitats from ecast
to west across the continent (Fig. 8). These arve: M. eyancus
(eastern selerophyll forests) ; M. melanotus (inland mallee and
mulga), M. callainus (central spinifex desert), and 3. splendens
(western selerophyll forest and dry serub).

Climacteris erythrops — . affinis: These species are isolated
in mountain sclerophylt in the cast and arid mulga in the
mterior, respectively.

Drymodes brunncopyyia — D. superediosus: The former is
isolated in the dry mallee association of the mterior of sonthern
Australia, the latter in the rain forests of Cape York and
New (uinea.

The above instances show not only that the different races of
a species (isolated or otherwise) may oceupy distinet vegetation
formations in different parts of the range but how these habitat
differences may develop. Geographically representative species
within superspecies sometinies oceupy  vegetation formations
that ave almost the opposite extremes of each other.

These cases indicate the probable mechanism whereby adja-
cent vegetation formations or zones come to be oceupied by
different members of a genus. [t is characteristic of most species
to extend outwards {o the limits of the occupiable habitat. Where
there is geographic variation in habitat the process is, in
Australia, not one of the species varying its “‘preference” from
one part of the range to another but of occupying the only
vegetation formation available. As with purely wmorphological
characters, isolation tends to consolidate and imerease the dif-
ferences. Thus, for example, amongst sclerophyll forest species
(limacteris rufe has an isolate in savannah woodland whilst
(' lewcophaca has one in rain forest.

Once an isolate develops habitat differences from its parent,
further changes can, presumably, take place in two ways.
The habitat to which 1t is confined could undergo further
chanve or modification, necessitating further adaptive changes
on the part of the bird, if it is to survive. Eventually a situa-
tion conld develop, as in the Halurus eyancus superspecies or
Clinacteris crythrops, in which the different species, isolated
from each other, occupy very different habitats. Alternatively.
elimatie changes conld secondarily bring the vegetation forma-
tions into a closer position relative to cach other so that the
forms oceurring in them approach or meet along the periphery.




KEAST : BIRD SPRCIATION IN AUSTRALIA 443

If reproductive isolation has heen established in the meantime,
one consequence could be that cach would remain within, or at
least have a preference for, the formation to which it had become
adapted. The honeyeaters Mcliphaga melanops and M. cassidir
in southern Viectoria apparently avoid competition by this
mechanisny, and it will probably prove to be equally the case
with the coastal and interior races of the thornbill Adeanthiza
pusilla in New South Wales.

Competition may, in actual fact, be the final force consolidat-
ing habitat differences between related speeies (see next see-
tion).

It goes without sayving, in all these cases, that before a species
can adapt or develop into a new association that habitat must
contain certain characteristies basie to that speeies. Thus, mem-
bers of the genns Malurus requive, at all times, thickets or
undergrowth and those of Climacteris tree trunks on which to
feed. Nevertheless, at a certain stage, feeding and other modifi-
cations may manifest themselves, e.g. members of the Climac-
teris pienmnis gronp oeeupying open country obtain part of
their food from the ground.

Some geographic variation in habitat and ecology is un-
doubtedly characteristic of all widely-ranging species. Those
members of sclerophyll speeies living in southwestern Australia,
for example, are subject to somewhat dryer conditions thau
their counterparts in the east. Alternatively, within any one
area, the vegetation is subject to change from time to time, as
part of a suceession or due to a changing chimate.

All in all, it can be said that there is ample indication in
Australia of how isolates may diverge and ‘‘speciate’ eco-
logically, just as they do morphologically. Some ecological
differentiation probably precedes geographic isolation in most
instances but there is no need for it to do so.

(¢) The Oceupation of Adjacent or Nearby Habitats by Different
Infraspecific Forms

Instances of this are appareuntly not uncommon in various
montane regions of the world where sharp altitudinal changes
in vegetation, and the interdigitation of vegetation zones bring
markedly different bird habitats into elose proximity. The
mountain chains of California provide one such example — see
the various publications of Miller and others (e.g. Miller, 1951).
These are the kinds of situations that are sometimes considered
to he possible instances of sympatric speeiation. Ornithologists
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generally, however, are adamant that sympatrie speciation does
not oceur in birds.

Australia, with its general flatness and arrangement of
vegetation formations into broad zones, provides little evidence
of this type of race distribution, for barriers are generally
broad, not narrow. Speciation is thus eclearly seen to be geo-
graphic. The nearest approach to the other situations, how-
ever, are to be seen in the following cases:

(1) Colour races associated with steep climatic gradients
(examples of Gloger’s Rule). Examples: Smicrornis brevirostris
and Dacelo leachii. These are purely local clinal forms, how-
ever, without a potential for developing into new species.

(i1) Zonal races, in which isolation is present. There are
a couple of instances of these in New South Wales. Acanthiza
pusille and Malurus lamberti each have a coastal race (in
sclerophyll) and an interior one (in savannah, ete.). Both are
now isolated from their counterparts (though in Malurus there
is a hybrid zone in northern New South Wales). The interior
race of Aecanthiza pusilla is certainly a secondary invader of
eastern Australia for its affinities lie with the southwestern
stoeks (Mayr and Serventy, 1938).

Another such case is provided by the Samphire Thornbill
(Acanthiza iredaled) in South Australia (Condon, 1954). Here.
three races are isolated in adjacent but different habitats; i.e.
it is the same kind of situation as in the speeies of the Malurus
cyancus group (Iig, 8).

Less understood than the above are the colour races (three)
of Acanthiza pusille in southwestern Australia (Mayr and Ser-
venty, 1938; Serventy, 1953). As their distributions correspond
to general zones of decreasing rainfall their characteristies could
be attributed to the Gloger Effect were their ranges not par-
alleled, to a degree, by three species in the Malurus lamberti
group of wrens. In the later publication, Serventy (1953) has
suggested that the coastal race, Acanthiza pusilla leeuwinensis,
may actually be derived from the coastal one in the east, by
migration around the Bight, and that it has achieved its present
resemblance to the inland one by secondary gene flow between
them.
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Teological Differences between the Different Members of a
(fenus Inhabiting the same or Adjacent Habitats

(a) The General Problem: the Situation in 011" and Well
Consolidated Species

The Australian avifauna contains many instances of species
within genera specialized for life in different vegetation forma-
tions, vide Meliphaga, Malurus, Gerygone, Climacteris (Figs. 7,
8).

Some of the larger geunera, moreover, have more than one
species within a single vegetation formation, e.g. Mecliphaga
and Acanthiza in the sclerophyll forests near Sydney. In such
cases distinet subzones are occupied. Here, different species
of Meliphaga inhabit, respectively, the stunted heathlands of
the hilltops, areas of saplings and undergrowth, the more open
sections of the forest, and pockets of rain forest. Of the five
species of Acanthiza occurring in the area, two are ground
feeders (in different classes of country). One is mainly a low
bush and shrubbery feeder. The other two are foliage feeders,
with a tendency for the one to inhabit mainly somewhat Iush
forests in hilly sections and the other dryer sections in more
open country. These observations reflect findings from other
parts of the world that related bird species occupy slightly
different habitats or niches and that direct food competition
between them is rare, e.g. Europe (Lack, 1944), East Africa
(Moreau, 1948), and California (Miller, 1951). As yet no
comparative work on the finer ecological attributes of related
bird species has been carried out in Australia. It could be, how-
ever, in view of their generalized similarity in bill form, that
in most cases no more profound food differences separate the
oeccupants of adjacent habitats than those directly associated
with the habitats themselves. Most bird species are now recog-
nised as being somewhat opportunistic feeders (Lack, 1954;
Hinde, 1959, and others). Where, however, closely related
species co-exist in a single habitat they tend to be specialized
for different foods (Lack, 1954).

(b) Recently evolved Species. Habitat Differences in cases of
Marginal Overlap and Double Invasion

In all cases of marginal overlap of recently evolved species

in Australia there is at least some tendency for different habitats

to be occupied. This indicates not only that slightly different
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“‘preferences’’ have been built up during the isolation but
emphasizes the role of competition in eonsolidating, if not
initiating, ceological differences.

The habitat relationships in the overlap arca in the cases of
recently evolved species are as follows:

(1) Amytornis tertilis and A. modestus (Fig. 17a) in the
Macdonnell Ranges. The former lives in spinifex on the hills
and the latter (which is apparently the invader) keeps to
spinifex in the valleys. Elsewhere, similar or equivalent habitats
ave occeupied,

(1) Phileimon argenticeps and P. novacguincae (Fig. 26) in
northern Australia.  In this iustance the former, the older
resident in  Australia, occupies the savannah woodland and
erassland belts extending, in places, well out into the dryer
forests. The later invader keeps to the peripheral mangroves
and damper savannah woodlands of the coastal strip.

(iit) Mcliphaga vireseens and 3. versicolor (Fig. 25). In
this case the parental species (the former) occupies the dryer
interior and its derivative (whieh arose in New Guinea) has
re-entered Australia to oceupy the mangrove habitat.

(iv) Mclithreptus lunatus and M. albogularis (Fig. 23). In
castern Queensland, where these speecies overlap, the former
(the southern speeies) keeps to the hightands and the latter (the
invader) to the lower country.

(v) Meliphaga lewini and M. notata (Fig. 24). These two
speeies have the same sort of relationship in the Atherton area,
where they overlap. The sonthern M. lcwini is only to be found
in the highlands.

(vi) Pachyeephala rufogularis and P. inornate (Fig. 13).
The former oecupies a very restricted, and presumably special-
ized, area in the mallee of eastern South Australia — western
Vietoria. The latter has a wide range and extends well beyond
the limits of the mallee.

(vil) Acanthiza cwingi — A. pusilla and Pardalotus quadra-
gintus — A. puactatus, cases of double invasion of Tasmania.
In eaeh genus the carlier invader (the first named in cach case)
has the more restricted habitat and range as well as being the
arer form. Thus, Acanthiza cwingt is chiefly an inhabitant of
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the *“decper forests and serub’ and Pardolotus quadragintus
has a very ‘“patehy’ distribution (Sharland, 1945). The later
arrivals have a wider, more coutinuous range and generalized
habitat requirements.

(¢) Interspecific Competition and its Influence on Ilabitat
Plasticity
This subjeet is to be treated in detail elsewhere, and hence
will only briefly be reviewed here.
Two situations that have now been recognised in various parts
of the world have a series of Australian parallels. These are:

(1) The oceupation of broader habitat zones in regions where
there is no closely related competitor or, as it is sometimes
expressed, greater ‘‘ecological tolerance’ in such situations.

(i1) The oceupation of the sane or equivalent niche by distinet
species in difterent areas.

Quite exceptional examples of these are to be found iun the
isolated selerophyll forests of southwestern Australia, a section
of the continent that might be deseribed as a ‘“forest island.”’
It has an ‘“‘unsaturated fauna’ with fewer than 70 per cent of
the species that oceur in an equivalent section of the southeast.
Presumably this is because only a proportion of speeies ever
succeeded in reaching there, although some secondary extinetion
cannot be overlooked. The genus Climacteris (tree-creepers) is
represented in eastern Australia by three species, one inhabiting
mountain selerophyll, one lowland selerophyll, and the third
savaunah country. Only one species oceurs in the sonthwestern
corner (C. rufa) and it oecupies wet and dry selerophyll and
savannah woodland. extending into the mallee association.
(Gerygone (arboreal warbler) is represented by three species
in the southeast of the continent (but one of these lives in rain
forest, an association absent from the southwest). The other
two inhabit selerophyll forest (G. olivacea) and dry savannah
(G. fusca), respectively. In the southwest, however, where only
the latter occurs, it inhabits both associations.

The Meliphagidae are represented by less than halt the num-
her of forest species found in the southeast. There are several
significant ecases of change of habitat to fill vacant mniches.
Lichcra indistincta and Meliornis novaehollandiae, mainly man-
grove and ‘‘stunted heathland’’ species, respectively, in south-
eastern Australia, are forest dwellers here. Meliphaga virescens.
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a strietly dry country and desert species in the east, in the
absence of such related species as Meliphaga chrysops, M. fusca,
and M. melanops, is the eommon forest honeyeater in the south-
west. A specialized neectar-feeding marsupial (Tarsipes), with
elongated snout, tubular lips, and brush-tongue has developed
in southwestern Australia, the only place where such an eeologi-
eal form occurs. This may well have been associated with the
paucity of nectar-feeding birds there (Meliphagidae, Loriinae).!
Lastly, an interesting case of ecological shift occurs in the
thornbills, Acanthiza, in southwestern Australia. Ilere, there
are only three species instead of five in any equivalent section
of the east . Of the latter, two are foliage feeders (A. lincata and
A. nmana), two are ground feeders (A. ehrysorrhoa and A. regu-
loides), and one (A. pusille) is an intermediate feeder. The
foliage feeders are, however, absent in the southwest where one
of the ground feeders, A. (reguloides) inornata, has largely
adapted to the vaeant niche.

These examples of eeological replacement and displacement
reflect those recorded in the (alapagos islands (Lack, 1947)
and Hawaiian Islands (Amadon, 1950b, p. 246), and elswhere.

A search of the Australian avifauna reveals a variety of
instances of equivalent habitats being occupied by different
species in various parts of the eontinent. These occur in genera
that have geographically representative species, e.g. in the
honeyeaters (Meliphaga), and in finehes belonging to the genus
Poephila. More striking cases, however, are to be seen relative
to some of the more specialized ecological ‘‘niches,”” thus:

(i) Trunks and branches of trees. Over the bulk of the
continent this food niclie is occupied by members of two gen-
era, the tree-ereepers (('limacteris) and nuthatehes (Neositla).
The bills of these birds are long and straight for the extraction
of insects and spiders from the cracks and fissures, and they
have strong feet and eclaws for supporting themselves in vertical
positions. Neither group occurs in Tasmania (though there arve
a few sight records of individual tree creepers). Here, a large
billed honeyeater (Melithreptus (gularis) walidirostris) spends
much of its time searching the bark (Sharland, 1945). Again,
in the dense rain forests of Cairns-Atherton, only one speecies

1The southwest has however, a much larger number of species of nectar-bearing
shrubs than the southeast. These may well provide a more consistent neetar-flow
from month to month and hence it may be this that has permitted the development
of a specialized nectar-feeding marsupial.
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of Climacteris ocenrs, Neositte being absent. A flycatcher,
Arses kaupi, has here developed the habit of hunting over the
trunks for insects.

(i1) Masses of eroded rock in gorges, in which fissures and
caves oceur. This niche might be typified by that of the cave-
warbler, Origma rubecula, endemic to the sandstone-limestone
area near Sydney, which finds its insect food about the rocks.
In the Macdonnell Ranges in central Australia, however, a
grass-wren, Amytornis textilis, has the same habits and food
niche, and in northern Australia members of the A. striafus
group behave in the same general way. In the Carnarvon
Ranges of central Queensland, an area of sandstone similar to
that near Sydney, the scrub-wren Sericornis frontalis, passingly
utilizes the vaeant niche.

Adaptations such as those outlined in this section stress the
great versatility and adaptability of many birds with respect to
habitat. They indicate how the ecological changes associated
with adaptation to a new habitat coincident with speciation may
be made. The competition of eloscly related species may, more-
over, serve to consolidate habitat differences.

XIII. .CONTINENTAL AND ARCIIIPELAGO
SPECTATION COMPARED

Quantitative Differences between Continent and Archipelago

The 425 bird species covered in the survey, only 70 of which
actnally range heyond the continent to any degree, have a total
of 485-505 morphologically differentiated isolates in the section
to the east of Wallace’s Line (Timor, Palan, Samoa and New
Zealand), and 211-226 isolates within Australia (Table 3).
TFor a comparison of the ‘‘potential’”’ of an archipelago and a
continent for giving rise to new species, however, an area of the
southwest Pacific of equivalent size to that of Australia, and
which excludes New Guinea (that has partly a ‘‘continental-
type’” of speciation) must be taken. Sueh is shown in Figure
28. It embraces the Bismarks, the Gilberts, Solomons, Fiji, New
Hebrides, and New (‘aledonia.

The bird species (53) occurring both in this area and in
Australia, and the number of morphologically differentiated
isolates in each, are set out in Table 10. The number of isolates
in the island section is 201 and that on the continent 38-43; the
island segment, significantly enough, has some five times as
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many. Several of the species, moreover, have an exeeptionally
large number of isolates in the archipelago region. Thus, Acei-
piter novac-hollandiae has 9; Rallus philippensis, 12; Halcyon.
chloris, 26, Coracina tenwirostris, 105 Rhipidura rufifrons, 18;
Petroica wmulticolor, 10; and Pachycephala peetoralis, 34. These
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Fig. 28. Australia and an archipelago area of equivalent size in the
southwest Pacific (enclosed by plain line) to compare potential for giving
rise to new species.

substantially account for the greater number of differentiated
forms in the Pacific arca. That the trend is, however, a general
one 1s shown by the fact that only in three species does the num-
ber of continental isolates exeeed the archipelago ones: Butori-
des striatus, Turniz varia, and Rhipidura fuliginosa. The last
two of these extend for only a short distance into the archipelago
area.

Qualitative Differences between Continent and Archipelago

Since the days of Darwin and Wallace workers have been
impressed by the striking and often bizarre appearaunce of

insular races and species. This not only applies to the more
isolated arehipelagos like the Galapagos and Iawaii but
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seen, to a degree, over a wide section of the southwest Pacific.
The studies on Rhipidura rufifrons (Mayr and Moynihan, 1946),
Petroica multicolor (Mayr, 1934), Artamus leucorhynchus,
Lichmera indistincta, and others may be noted in this regard.
1t also often applies in the case of islands lying oftshore from
a larger land mass, as in the genus Tenysiptera in the New
Guinea region (Mayr, 1954b). Bird species that do not vary
at all on the Australian continent may have distinct populations
on peripheral islands, e.g. Dicacum hirundinaceun, Poephila
guttata. Compared to many of these insular forms, continental
variation is eommonly minor and insignificant —an observa-
tion that, as noted, led Goldschmidt (1940) to believe that evolu-
tionary processes on the two were dissimilar.

Archipelago and insular bird populations are commonly
characterized by: (a) Marked shifts in colour pattern and in
the distribution of body ecolour. (b) Shifts in the degree of
sexual dimorphism within species. (¢) Changes in the size
and form of appendages, especially the bill and tail. (d)
Changes in over-all body size.

The present survey reiterates the greater prominence and
frequency of these changes under archipelago conditions. It
also shows, however, that:

(a) Al these different kinds of variation occur, to a degree,
on the Australian continent. Marked shifts in colour pattern
are typical of isolates of long-standing, e.g. as between the
southeastern and southwestern populations of the finch super-
species Zonacginthus bellus and the honeyeater Acanthorhyn-
chus tenuirostris. Shifts in the degree of sexual dimorphism
are minor and rare but oceur in the whistler Pachycephala pec-
toralis, some of the wrens (Malurus) and as between species of
the bower-bird genus Chlamydera. There is a marked case in
the Petroica cueullata-vittata group but in this case Bass Strait
has been the isolating barrier. Changes in bill-form in associa-
tion, apparently, with a change from inseet to seed-feeding,
oceur in Amytornis and Turnix, whilst a noticeable elongation
of bill is seen in the case of eertain nectar-feeding honeyeaters.
For example, note the difference between the generalized bill of
Meliphaga fusea and the elongated one of M. macleana (figured
in Keast, 1959¢). Differences in body size between closely
related members of a genus are not common but do occur in
Amytornis. Within species, continental size variation typically
sakes the form of a south-morth cline of deereasing body size.
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The trend is accentuated, with individnals from the southern-
most and northernmost areas averaging a difference in size of
20 per cent or more, when the end populations are isolated from
each other, e.g. in Scisura inquicta and Megaloprepia magnifica.

(b) Much of the archipelago and insular variation is also
only minor. The more striking forms are, on the whole, in the
minority.

Notwithstanding the above, it is a reasonable assumption that
the small iusular populations, morphologically distinetive
though they may be, are over-specialized. They would probably
have little futnre in the event of a marked change in their
biotic environment, or were they introduced to the competitors
and predators of a continent. 1t is with the generalized and
versatile continental populations that the real future of each
evolutionary line lies.

Comparison of the C‘ontinent and Archipelago as a Physical
and Genetic Environment

Tropical and subtropieal archipelagos differ from continents
i various ways. Rainfall tends to be regular, if seasonal.
Temperatures are equable. The rigorous climate that necessi-
tates extensive latitudinal migrations or nomadic movements is
lacking. There is necessarily a year-round supply of food
available. The shore line sharply limits the range.

Archipelagos also differ from continents in that, resulting
from the reduced opportunities for dispersal, they have ouly a
fraction of the animal and plant species, A eorollary is that
potential food niches are likely to remain unoceupied on remote
islands, simply because the right species are unable to reach
them. This meaus, of course, that species arve less likely to be
confined, by competition, to a restricted way of life bnt can
more easily diversify or beeome modified to a new niche. More
strikingly, this same absence of competition has permitted and
encouraged the Dbizarre radiation by the members of single
groups that oecurs on the Galapagos and Hawaiian islands.

The big problem in archipelago speciation is to explain
liew so many distinetive forms can develop on adjacent islands
when, as enviromments, they arve apparently similar. This was 4
subject that mueh oceupied the mind of Darwin (1890, p. 355)
and he sought to explain it away in terms of the biological, not
the physical environment, thus: “1low has it happened in the
several (Galapagos) islands situated within sight of each other,
having the same geological nature, the same heiglit, ¢limate, ete.,
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that many of the immigrants should have been differently modi-
fied, though only a small degree. This long appeared to me a
ereat ditficulty ; but it arises in chief part from the deeply-scated
error of considering the physical conditions of a country as the
most important for its inhabitants; where it cannot be disputed
that the nature of the other inhabitants with which each has
to compete is at least as important, and generally a far more
important clement of success.”’

Mayr (1947), in quoting Darwin, stresses that individual
islands in an archipelago are not as similar as they might at
first appear but may differ in size and elevation, temperature
and precipitation, ocean currents and, since their population
by fauna and flora is fortuitous, as biotic environments.

Amadon (1950b) in a review of the remarkable modifications
in the bill form of the Ilawaiian honey-ereepers comments on
“rapid divergent evolution’’ in archipelagos and quotes Simp-
son’s views that ‘‘quantum evolution’’ is associated with a
change from one ecological niche to a radically difterent oue.
Such an explanation, however, can hardly account for the lesser
changes in colour and colour pattern that characterizes so many
of the insular forms in the southwest Pacific. Nor, since few of
the populations are very small, is genetic drift (the fixation
of hitherto neutral or unfavourable genes merely by chance)
likely to play a major role.

An interesting theory has recently been advanced by Mayr
(1954Dh) to account for the accelerated variation and ditferentia-
tion in animal populations on islands adjacent to continents.
This is, in effect, that insular populations, by nature of the
fact that their founders could only possess a limited proportion
of the gene reservoir of the species, have a different genetic
“‘environment’” than their parental forms. An all-important
factor in the transition from one well integrated and conserva-
tive condition, through a highly unstable period, to another
new period of balanced integration, lies in what genes are
carried to the new areas by the founders. That the new complex
will be different is assured by the following considerations: (a)
As noted, the founders represent, genetically, only a segment
of the parental variability; (b) alleles that had been previously
of equal viability are likely to change their relative viability
during the period of rapid readjustment; (3) recessives will
have a much greater chance to become homozygous in the re-
duced population and thus become more exposed to selectiom.
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X1V, SUMMARY

(1) The present study is a detailed investigation of species-
formation in the Australian avifauna. It covers 425 (80%)
of the 531 species of breeding land and freshwater birds oc-
curring on the continent.

(2) Monotypic species (that do not vary geographically)
amount to 188 (44¢7), whilst 99 (239 ) have clinal variation
only. Those with morphologically differentiated isolates on the
coutinent total 138 (339 ).

(3) The number of morphologically differentiated isolates,
forms with the ' potential’” of developing into new species,
totals 211-226, an average of 0.5 per species for the whole fauna,
or 1.6 per species for the 138 that have them. Sixty (239%) of
the isolates have differentiated to a marked or moderate degree.

(4) The continent is rich in demonstrations and examples of
currently occurring speciation. Ten families provide examples
of the full range of intermediate stages from isolated popula-
tions that have mot yet differentiated to markedly different
isolates and esamples of range overlap, without interbreeding,
of newly-evolved forms. An additional 8 families show examples
of all stages but the last.

(5) Almost one-third of Australian bird species belong to
superspecies. Many of these superspecies groups are entirely
confined within the continent. There are about a dozen current
cases of range overlap by newly evolved species, and about the
sanie number of instances of (eurrent) speciation by double
invasion. (There are also various instances of suceessive in-
asion of an area by infraspecific forms.) DMost of these in-
vasions are from New Guinea to Australia and from the main-
land to Tasmania. There is one good case of speciation by circle
formation, with the end-members of a chain of forms infertile.

(6) The habitat (vegetation formation) occupied by a species,
and the nature of a species’ seasonal movements, individually
exercise a stroug influence on its potential for giving rise to
isolates and hence new speecies. The family grouping to which
it belongs, however, appears to have little influence, other than
through what might be called the ‘‘ccological attributes’ of
that family. Of the total isolates in Australian birds, 14 per
cent are to be found in species that arve basically inhabitants of
rain forest, 33 per cent occur amongst the sclerophyll forest
dwellers, and 20 per cent belong to savannah woodland species.



KEAST: BIRD SPECIATION IN AUSTRALIA 455

much speciation oceurring as between (i) the rain forest seg-
ments of Cape York, Cairns-Atherton, and south Queensland-
These vegetation formations are peripheral in distribution and
are broken up into isolated tracts. In contrast to this, few
isolates occur in species specialized for life in the interior,
continuously ranging, vegetation formations.

Nomadic bird species, amounting to some 23 per cent of the
whole avifauna, have only an insignificant number of morpho-
logically differentiated isolates. 'The overwhelming majority of
isolates occur in the sedentary species. Virtually no isolates
occur in the hawks and large water birds, which species are
typically nomadic.

(7) The geographic isolating barriers leading to isolation and
differentiation are discontinuities in the basie habitat (vegeta-
tion formation) of species. These are either tongues of dry
or arid country that extend from the interior to the sea to
break up the forested arveas, or are tracts of sea. The way in
which these barriers operate is discussed in detail. There is
New South Wales, respectively, (ii) the sclerophyll forest tracts
of southeastern Australia, Tasmania, and southwestern Au-
stralia and, (iit) the savannah woodland tracts of northwestern
and eastern Australia. Differentiation is common between popu-
lations of species on either side of Torres Strait. It sometimes
occurs on offshore islands. Kurther afield, a variety of Australian
species have distinetive populations or counterparts in New
Zealand, Lord lowe Island, and New (‘aledonia. Others have
given rise to many insular forms in the archipelago areas of
the southwest Pacific.

(8) The present study discloses the existence of about 33
hybrid zones, representing the premature re-uniting of dif-
ferentiating forms. Most result from a minor climatic improve-
nient that has permitted forms to spread out. The eclearing
of the forests has been a relevant factor in other cases. The
eeographical position of the various hybrid zones is discussed,
it being pointed out that most occur between the main centres
of isolation and differentiation (i.e., ‘‘refuge areas’’).

(9) The Australian c¢limatic and physiographic environment
of the Tertiary, Pleistocene, and early Reeent, are reviewed.
Much of the original radiation and speciation in birds took
place under conditions of generalized fertility. Present-day
aridity is a relatively recent development. The circumstances
of Tertiary speciation cannot be seen. During the Pleistocene,



456 BULLETIN : MUSEUM OF COMPARATIVE ZOOLOGY

however, successive eras of range extension and isolation must
have accompanied the periodie climatie shifts of the period. The
“refuge area’ type of isolation of today possibly oceurred to
a degree previously. The position of the refuges, peripheral
mountainous or hilly areas, would have been the same because
there has been virtually no mountain-building since the end of
the Tertiary.

Since the distribution, and composition, of the basic vegeta-
tion formations (that compose the bird habitats) are dependent
on the soil substratum, as well as rainfall, it is not valid to
assunte that any particular shift in the rainfall belts would
alter the habitat distribution to the same degree. The so1l itself
is an evolving system. In the ultimate degree, the birds (their
distributions and adaptations), the vegetation formations and
their individual members, the soil, and the climate are all chang-
ing, individually and relative to each other. Nevertheless,
through the habitat, rainfall and soil changes have a direct
influence on bird distribution and speciation.

Colonization from; and by way of, New (fuinea, and subse-
quent differentiation in Australia, have made a significant con-
tribution to the building-up of the Australian avifauna, not
only in recent times, but throughout geological history.

(10) “*Kcological”” speciation, the development of habitat
differences between species, is reviewed in some detail. Cases
of geographic variation in habitat occupied and habitat ‘‘dif-
ferentiation,”” under circumstances of isolation, are discussed.
It is noted that where marginal overlap and double invasion
oceur the two species separate out into slightly different habi-
tats, notwithstanding that they ocecupy similar habitats else-
where iu the range. Likewise, species tend to occupy mueh
broader niches where there is no competitor.

(11) Differentiation and speciation on the Australian cou-
tinent is compared with that occurring in an archipelago seg-
ment in the southwest Pacific of equivalent size. It is found
that there are five times as wany morphologically differentiating
isolates in the latter. Though much of the insular isolation is
winor, studies on species like Rhipidura rufifrons and Petroica
multicolor reiterate that insular populations tend to be subjeet
to more marked shifts in colour pattern, in the deeree of sexunal
dimorphisim within speeies, and significant changes in size and
form of appeudages.

(12) To sum up, speciation is actively occurring in Australian
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birds and the number of forms with the *“ potential ™ of develop-
e into new speeies is large. All speciation is geographic.
At the same time, the same basic factors and rules apply as in
the istand avchipelago from which mueh of our basic knowledge
of the speeiation process has been built ap.
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TaBLe 1

THE MAJOR VEGETATION FORMATIONS
OCCURRING IN AUSTRALIA -

THEIR CHARACTERISTICS

(Modified and enlarged from that in Wood (1949))

FORMATION
Rain Forest

Selerophyll Forest

Savannah Woodland

Savannah Grassland

Mallee Serub

Mulga Serub
(desert steppe)

Desert Grassland
(desert steppe)

Mangroves

Swamps, marshes and
rivers

Miscellaneous

CIHARACTRRISTICS
Dense assemblage of trees, canopy econtinuous,
woody elimbers (vines) present. Monsoon or pseudo
rain forest, narrow strips of dense soft woods
along the banks of rivers in parts of the northern
eoastal region, have a somewhat similar eonsist-
eney.
Trees of forest form, in eclosed eommunity; dense
undergrowth of hard leaved shrubs; grass rarc.
(Map groups wet and dry sclerophyll.)
Rather open parklike communities of trees, with
seattered shrubs and a few herbs. Grassy under-
foot and with open areas.
tirasslands with herbs and a few sub-fruticose
shrubs, interspersed with a few trees, or small
clumps of trees, Sometimes intermixed with tracts
of savannah woodland.
Associations of dwarf euealypts, the trees charae-
terised by multiple stems arising from a eommon
base; growing in semi-arid regions frequently on
soil with charaeteristie qualities (mallee soil).
Growth is generally rather open. Scattered shrubs
and traets of elumped poreupine grass (7Triodia)
are present.
Small trees with dense or seattered shrubs, few
herbs, and with vast tracts domivated by the Mulga
(Aeacia ancura).
Sand-plain eovered with tussocks and clumps of
spiny sclerophyllous grass (sometimes fairly eon-
tinuous, sometimes sparse), mainly spinitex or
porcupine grass (Zriodia). Chenopodaceous plants.
Marked seasonal herbage after rains. Gibber des-
ert, plains with gravel and stone pavement, vegeta-
tion minimal, is included here.
Shrubs or trees in littoral zone, growing in forma-
tions that may bhe relatively open or of dense and
shady consistency.
Areas of fresh water that are either open, associ-
ated with sparse trees, or densely covered with
recd-bed.
Includes various minor subdivisions, e.g. rocky out-
crops and river gorges.
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TABLE 3

AUSTRALIAN BIRD SPECIES: SUMMARY OF
GROGRAPIIC VARTATION, ISOLATION AND
SPECIATION TRENDS

In the colmmn referring to the nuwmber of isolates beyond
Australia the symbol “‘x’ means that there is a solitary dif-
ferentiated population beyond the continent, and *“ (x)’’ nieans
that the speecies extends there without differentiation. In order
to enable proper comparisons to be made, each species extending
beyond the continent is regarded as having a ‘‘parental form’’
both inside and outside of the continent. That is to say, the
*‘x”’s in this partienlar column are not included in the totals
and subsequent caleulations. All figures refer only to isolates
in the section to the east of Wallace’s Line.

In the sixth column, if the species is a member of a super-
species group centred to the west of Wallace's Line this is indi-
cated by the symbol (or figure) being placed in brackets. Again
these are not included in the totals.
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TABLE 8
ISOLATION AND SPECIATION ON OFFSHORE
ISLANDS
Distance offshore Morphologically Distinctive
Island (miles) Isolates
Tasmania 130. Longest About 12 that have reached or
(southeastern) water gap. 50 are approaching the degree of

differentiation typical of spe-
cies, plus 20 lesser isolates.
King Island 50 from Tasm. Minor forms of Melithreptus
(southeastern) 50 from Viet. gularis, M. affinis, Acanthoryn-
chus  tenuirostris, Acanthiza
ewingi, Malurus cyaneus (also
on Flinders TIsland). Total:
about 5.
Kangaroo Island 5-10 Minor forms of Melithreptus
(southern) atricapillus, Anthochaera chry-
soptera, Phylidonyris pyrrhop-
tera, Meliornis novaehollandiae,
Acanthorhynchus  tenuirostris,
Meliphaga leucotis, Estrilda
temporalis, Acanthiza pusilla,
Stipiturus malachurus, Zonae-
ginthus bellus. Total: about 10.

Recherche Archipelago 5-20 Minor form of Sericornis ma-
(southwestern) culata.

Abrollhos Islands 40 Minor forms of Turuix varia,
(western) Sericornis waculata.

Dirk Hartog Island 24 Malurus leucopterus (also on
(western) Barrow Is.). Minor forms of

Calamanthus fuliginosus, Sti-
piturus malachurus.

Barrow Island 35 Lremiornis carteri (minor form).
(western) An insular race of Anthus au-
stralis has been described from
here.
Bernier Island 20 Malurus lamberti minor form.
(western)
Melville Island 20 Minor forms of Turnix casta-
(northwestern) nota (?), Coracina papuensis,

Dacelo leachii, Meliphaga fla-
vescens, Entomyzon cyanotis,
Philemon novaeguineae, Myzo-
mela obscura (7). Total: about
i
Capricorn Islands 25 Minor form of Zosterops lat-
(eastern) eralis.
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TABLE 9

COMPARATIVE ZOOLOGY

AVIFAUNAL RELATIONSHIPS BETWEEN
AUSTRALIA AND THE MORE REMOTE
SURROUNDING ISLANDS

Species that have
colonized Australia

Australian species that
have colonized island

New Zealand

Lord Howe Island

New Caledonia

Timor

New Guinea

nil

nil

nil

20-22 (Mayr,
1944b)

66 plus

8-10 in recent times (Falla,
1953), plus many older ele-
ments (Meliphagidae, Muscica-
pinae).

Up to about 10 (see Hindwood,
1940).

About 18 (see Mayr, 1945a).
About 17 (Mayr, 1944b).

92 plus.
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TaBLE 10

CONTINENTAL AND ARCHIPELAGO SPECIATION.
COMPARISON OF NUMBER OF MORPIOLOGICALLY
DIFFERENTIATED ISOLATES IN BIRD SPECIES
COMMON TO BOTH AREAS

Number of Morphologically Number of
differentiated Isolates Isolates in
Species in southwest Pacitic (Fig. 28) Australia

Podiceps novae-hollandiae

—

Aviceda suberistata
Haliastur sphenurus
laliastur indus
Aceipiter novae-hollandiac
Accipiter fasciatus
Circus approximans
Fulco peregrinus
Pandion haliaetus
Notophoyx novaehollandiuae
Demigretta sacra
Nycticorax caledonicus
Butorides striatus
bupetor flavicollis
Botaurus stellaris
Dendroeygna arcuata
Anas superciliosa

A gibberifrons
Aythya australis
Rallus philippensis
Rallina  tricolor
Porzana tabuensis
Poliolimnas cinereus
Amaurornis olivaceus
Porphyrio porphyrio
Turnix maculosa

»—-m»—‘plloslb—l»—tuiuﬂt\:h‘l»—lwllwl‘»l&
I




488 BULLETIN : MUSEUM OF COMPARATIVE ZOOLOGY

TaBrLE 10 (Continued)

Number of Morphologically Number of

differentiated Isolates Isolates in

Specles in southwest Pacitic (Fig. 28) Australia
Turnix varia 3
Chalcophaps indica 1
1

Eurystomus orientalis

1
Trichoglossus haematodus 2
Haleyon sanctus 2

Halcyon chloris 26
Coracina lineata 6
C. papuensis 5
C. tenuirostris 10
Lalage leucomela 5
Rhipidura rufifrons 18

R. leucophrys

R. fuliginosa

R. rufiventris
Piezorhynchus aleeto
Petroica multicolor
Pachycephala pectoralis
P. rufiventris

Artamus leucorhynchus
Nectarinaria jugularis
Myzomela dibapha
Lichmera indistincta
Philemon novaeguineae
Zosterops lateralis
Erythrura trichroa
Chibia bracteata
Aplonis metallica

TOTAL 201
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[ R =N

o t
- e o

@& 'S
Hee |l én




KEAST : BIRD SPECIATION IN AUSTRALIA 489

XVI. REFERENCER

AMADON, D.
1941. Notes on some Australian birds of prey. Kmu, 40:365-384.
1942, Notes on some non-passerine genera. Am. Mus. Novit. no 1175
1-11.
1943. Birds eollected during the Whitney South Sea expedition. 52,
Notes on sonie non-passerine genera. Am. Mus. Novit., no. 1237:
1-22.
1950a. Australian mud nest builders. Emu, §0:123-127.
1950b. The Hawaiian honeyereepers (Aves, Drepaniidac). Bull Am.
Mus. Nat. Hist., 95:157-262.
1951. Taxonomic uotes on the Australian butcherbirds (family Crac-
ticidae). Am. Mus. Novit., no. 1504:1-33.
AMADON, D. AND G. WOOLFENDEN
1952, Notes on the Mathews collection of Australian birds. The order
Ciconiiformes. Am. Mus, Novit., no. 1564:1-16.
ANDREWARTHA, H. G. aND L. C. Bircn
1954. The distribution and abundance of animals. Univ. of Chicago
Press, 782 pp.
BarNakp, 1. G.
1926. Birds of the Cardweil district. Fmu. 26:1-13.
BagrNARD, C. A. AND H. GG. BARNARD
1925. A review of the bird life on Coomooboolarco Station Duaringa
district, Queensland. IBmu. 24:252-2635.
Brown, W, L. aND E. O. WILSON
1956.  Character displacement. Systematie Zoology, 5:49-64.
Browxeg, W, R.
1945. An attempted post-Tertiary chronology for Australia. DProc.
Linn. Soe. N. 8. Wales, 70:5-25.
BurLek, B. K.
1956. Parna-an acolian c¢lay. Aust. J. Seci., 18:145-151.
CaIN, A, J.
1955. A revision of Trichoglossus haematodus and ot the Australian
platycercine parrots. 1bis, 97:432-479.
CHISIOLA, AL ILL
1951. The story of the secrub-birds. Emu, §1:89-112.
Coxpoxn, 11, T,
1941. The Australian broad-tailed parrots (subfamily Platycercinae).
Ree. South. Aust. Mus., 7:117-144.
1951a. Variation in the brown hawk. Emu, 50:152-174.
1951b. Notes on the birds of South Australia: occurrence, distribution
and taxonomy. S. Aust. Ornith., 20:26-28.
1954. Remarks on the evolution of Australian birds. 8. Aust. Ornith.
21:17-27.
Coxpox, H. T. AND D. AMADON
1954. Taxonomic notes on Australian hawks. Ree. South Aust, Mus.,
11:189-246.



490 BULLETIN : MUSEUM OF COMPARATIVE ZOOLOGY

CROCKER, R. 1.,
19594, Past climatic fluetuations and their influence upon Austrilian
vegetation. Chapier in Biogeography and Eeology in Australia.
Pp. 283-290, W. Junk, The Hague, pp. 1-640.
1959b. The plant factor in soil formation. Aust, Jour. Sei. 21 (Ga):
180-192,
CROCKER, R. L. AND J. G. WooD
1947, Some historical influenees oun the development of the South Au-
stralian vegetation communities and their bearing on coneepts
and elassification in ecology. Traus. Roy. Soe. 8. Aust,,71:91-136.
DagrviNgToN, 0 J.
1957. Zoogcography: the geographical distribution of auimals. John
Wiley & Sons, New York, 675 pp.
Darwin, C.
1890. The origiu of species. Gth ed., John Murray, London, 458 pp.
Davip, T. W, K.
1950. The geology of the Commonwealth of Australia. Ed. W. Browne,
London. Vol. 1, 747 pp.
IFAIRBRIDGE, R.
1953.  Australian stratigraphy. 2nd ed. Univ. Western Australia, Perth,
516 pp.
I"aLLa, R, AL
1853, The Australian element in the avifuuna of New Zealand., Emu,
53:36-46,
FLEMING, C. A
1950. New Zealand flyeatehers of the genus Petroica Swaiuson, Parts
T and II. Trans. Roy. Soc, New Zealand, 78:14-47; 127-160.
GanBrarmi, I CoJ.
1956.  Variation, relationships and evolution in the Pachycephala pee-
toralis superspecies (Aves, Muscicapidae). Bull. Brit, Mus. (Nat.
Hist., Zool.), 4:133-222,
(tARDNER, C. A,
1944, The vegetation of Western Australia. Jour. Roy, Soe. W, Aust.,
28:x1-Ixxxvil.
1959. The vegetation of Western Australia. Chapter in Biogeography
and Eeology in Australin, Pp. 275-282. W, Junk. The Ilague,
pp. 1-640.
(IENTILLL, J.

undated. Colored map of Australian elimates, Thornwaite Formmla, pub-
lished by the author, University of Western Australia.
1949, Foundations of Australian bird geography. Emu, 49:85-129,
Ginl, Eo D,
1955, Radivearbon dates for Australinu archeotogieal and geological
samples. Aust. Jour. Sei., 18:49-52,
GOLDSCHNIDT, R.
1040, The material basis of evolution. New Haven. Yale University
Press, 436 pp.



KEAST: BIRD SPECIATION IN AUSTRALIA 491

MmLs, E. 8.
1940, Physical geography of Australia. Chapter in The Anstralian

=

dnviroument. Pp. 13-220 Com. Sei. Ind. Res. Org., Melbourne.
IIiNDE, R. AL
1959, Behaviour and spectation in birds and lower vertebrates. Biol
Revs,, 34:85-128.
Hinpwoon, K. A,
1940.  'The birds of Lovd lowe Island. wmu, 40:1-86.
HiNnpwoob, IX. A. AxD E, Mavr
1946. A revision of the striped-erowned pardalotes. Eiu, 46:49-6G7,
1owarp, 11,
1946. A review of the Pleistocene birds of Fossil Lake, Oregon. Car-
S1:141-195.

negie Iust. Washington, Pub., no. 5
KEAsST, A,

1956a. Variation in the Australinn Orielidae. Proc. Roy. Zool. Soe.
N. 8. Wales, 1954-55:19-24.

1956b. Variation in the genuns Megalurus. Proe. Roy. Zool. Soe. N. 8.
Wales, 1954-55:25-28.

19574, Variation in the Australian whitefaces (dphelocepliala) Proc.
Roy. Soe. N. 8. Wales, 1957-56:38-42.

1957b. Variation in the bristle-birds (Dasyornis). Proe. Roy. Zool.
Soe. N. S, Wales, 1955-56:43-46.

1957¢. Variation in the Australian emu-wrens (Stipiturus.). Proe. Roy.
Zool. Soe. N. 8. Wales, 1955-56:47-53,

1957d. Variation in the Australian kingfishers (Aves: Aleedinidae).
Aust. Mus. Ree., 24:61-72,

1957e. Variation and speciation in the Aunstralian tree crecpers (Cli-
macteris). Aust. Jour. Zool. 5:474-495.

1958a. Variation and speciation in the Australian flyeatehers. Ree.
Aust. Mus, 24:73-108.

1958, Speciation in the genus dmytornis Stejneger (Passeres: Musci
capidae, Malurinae) in Australia. Aunst. Jour. Zool,, 6:33-52.

1958e. The relationship hetween seasonal movements and the develop-

ment of geographic variation in the Australian ehats (Epthia-
nura Gould and Ashbyia North). Aust. Jour. Zool., 6:53-68.

1958d. The influence of ecology on variation in the mistletoebird
(Dicacum hirundinaceum ). Kmu, 58:195-200.

1958¢. Seasonal movements and geographic variations in the Anstralian
wood-swallows (Artamidae). Fmu, 5§8:207-218.

1958f. Infraspecifie variation in the Australian finehes. FEmu, 58:214
246,

1958z, The genus Psophodes Vigors and lorsfield, and its signifieance
i demonstrating a possible pathway for the origin of Eyrean
species from Bassian ones. Kmu, 58:247 255,

1958h. Geographic vuariation in the weebill, Smicrornis brecirostris
sedentary speecies with a continnous range. Aust. Jour. Zool.,
6:152-161.



492 BULLETIN : MUSEUM OF COMPARATIVE ZOOLOGY

19581, Variation and speciation in the Australian Campephagidae.
Aunst. Jour. Zool., 6:248-2G7,
19590, The Australian enviromuent. Chapter in Blogeography and Eecol-
ogy in Australia. Pp. 15-34. W, Junk, The Hague, pp. 1-640.
1959b. Australian birds: their zoogeography and adaptations to an
arid continent. Chapter i Biogeography and Eecology in Aus-
ralia. Pp. 89-114, W. Junk. The Hague, pp. 1-640.
1959¢. The reptiles of Australia. Chapter in Biogeography and Ecology
in Australia. Pp. 115-135. W. Junk. The Hague, pp. 1-640.
1959d. Relict animals and plants of the Macdounell Ranges. Aust. Mus.
Mag., 13:81-86.
1959¢. The role of islands in evolution. Aust. Mus. Mag., 13:128-132.
KeBLE, R AL
1947. Notes on Australian Quaternary climates and migration. Mem.
Nat. Mus. Victoria, 15:28-81.
Lack, D.
1944, Keological aspects of species-formation in passerine birds. Ibis,
86:260-86.
1947, Darwin’s finches. Cambridge University Press, 208 pp.
1954,  The natural regulation of animal numbers. Oxford Univ. Press,
343 pp.
LEEPER, (i, W,
1949,  Climates of Australia. Chapter in The Australian Environment.
Pp. 23-24. Cowm. Sei. Ind. Res. Org., Melbourne.
LLuNpELIUS, B,
1957.  Additions to knowledge of the ranges of Western Australian
mammals. West, Aust. Nat., 5:173-182.
Lyn~Es, 11
1930. Review of the genus Cisticola. 1bis, (12) 6:673 pp., 20 pls.
Mack, G.
1934a. Notes on the genus Orthonyr. Emu, 34:1-7.
1934h. A revision of the genus Malurus. Mem. Nat. Mus. Melbourne,
8:100-125.
1936. A systematic revision of the Anstralian thornbills. Aem. Nat.
Mus. Vietoria, 10:86-120.
Main, A R., A. K. Lee axp M. J. LITTLEJOEN
1858, Evolution in three genera of Austrahian frogs. Evolution, 12:
224-233.
MaTHEWS, G. M.
1910-1927.  The birds of Australia. 12 vols. II. F. and G. Witherhy,
London.
Mavr, K.
1934,  Notes on the genus Petroica. Am. AMus, Novit., no. 714:1-19.
1937, Notes on the genus Sericornis, Gould. Am. Mus. Novit., no, 904:
1-25.
1940a. Notes on New Guinea birds. Am. Mus. Novit. no. 1056:1-12,
1940b. Notes on Australian birds. The genus Lalage. Emu, 40:111-117,




KEAST: BIRD SPECIATION IN AUSTRALIA 493

1941. List of New Guinea birds. Am. Mus. Nat. Hist. N.Y.,, 260 pp.
1942, Systematics and the origin of species from the viewpoiut of a
zoologist. Columbia Univ. Press, New York, 334 pp.
1943. Notes on Australian birds 1I. Emu, 43:3-17.
1944a. The birds of Timor and Sumba. Bull. Am. Mus. Nat. Hist,,
83:123-194.
1944h. Timor and the colonization of Australia by birds. Emu, 44:113
130.
1945a. Birds of the Southwest-Pacific. MaeMillan Co., New York,
316 pp.
1945b. Notes on the birds of northern Melanesia. Part 1. Am. Mus.
Novit., no. 1294:1-12.
1945¢. Wallace’s Line in the light of recent zoogeographic studies.
Science and Seientists in the Netherlands, Indies, Surinam and
and Curacao. New York, pp. 241-250. Also: Quart. Rev. Biol,,
19:1-14, (1944).
1947. Ecologic factors in speeiation. Evolution, 1:263-288.
1948. (eographic variation in the reed warbler. Enmm, 47:205-210.
1949. Notes on the birds of northern Melanesia. Part 2. Am. Mus,
Novit., no. 1417:1-38,
1950a. Speciation in birds. Proe. 10th Inter. Ornith. Congress, Stock
lLiolm, Pp. 91-131.
1950h. Taxonomic notes on the genus Neositta. Fmu, 49:282-291.
1951. Notes on some pigeons and parrots from Western Australia.
Emu, 51:137-145.
1953a. Geographic and individual variation in the shrike-tit, Falcun-
culus fromtatus. Fmu, 5§3:249-251.
1953b. Taxonomic notes on Oreoica gutturalis. FEmu, §3:252-253.
1954a. Notes on Australian whistlers. Am. Mus. Novit., no. 1653:1-22,
19541, Changes of genetic environment and evolution, Chapter in Fvo-
lution as a process. Ed. J. Huxley. Allen and Unwin, London,
Pp. 157-180.
MAYR, E. AND D, AMADON
1951. A classification of recent birds. Am. Mus. Novit., no. 1496:1-42,
MAavYR, E. AND S. CAMRAS
1938. Birds of the Crane Pacific expedition. Zool. Ser.,, Ficld Mus.
Nat, Hist., 20:453-473.
Mavyr, E. AND K, JENNINGS
1952. Geographic variation and plumages in the Australian bower-
birds (Ptilonorhynchidae). Am. Mus. Novit., no. 1602:1-17.
MavYR, E. AND M. MOYNIHAN
1946. Evolution in the Rhipidura rufifrons group. Am. Mus. Novit.,
no. 1321:1-21.
MAYR, E. AND D. L. SERVENTY
1938. A review of the genus Acanthiza, Vigors and Horsfield. Emu,
38:245-292.
1944. The number of Australian bird speeies. Emu, 44:33-40.



494 BULLETIN : MUSEUM OF (OMPARATIVE ZOOLOGY

Mavr, E, axp R. WoLk
1953, The south-west Australian races of the spotted serubwren, Seri-
cornis maculatus. West Aust. Naturalist., 4:66-70.
Mcetiann, AL R,
1948, A distributional review of the genus Neositta. Fmu, 48:33-52.
McMicHAEL, D. AxD T. IREDALE
1959. The land and freshwater Mollusea of Australia. Chapter in
Jtogeography and Eeology in Australia. Pp. 224-245. W. Junk.
The 1ague.
Mers, G, F.
1957, A systematic review of the Indo-Anstralian Zosteropidae (part
1). Zool. Verhandel. No, 35, 1-204,
Mpise, W,
1931. Zur Systematik der Gattung Gerygone. Novit. Zool., 36:317-379.
MitLer, AL
1951, An analysis of the distribution of the birds of California. Univ.
Calif. Publ. Zool., 50:531-644.
1955, Coneepts and problems of avian systematies in relation to evo-
lutionary processes. Recent Studies in Avian Biology. Ed. A.
Wolfson. University of Illinois Press, Urbana. Pp. 1-22,
Moxkear, R, E.
1948, Lleologival isolation in a rieh tropical avifauna. Jonr. Anim.
Ecology, 17:113-126.
Norru, A J.
16501-1914.  Nests and eggs of birds found breeding in Australia and
Tasmania. 4 vols. Australian Museum, Sydney.
ParayMaxov, S. J.
1959.  Zoogeographical aspeets of the Australian dipterofauna. Chapter
in Biogeography and Eeology in Australia. DPp. 164191, W.
Junk. The Hague.
Prrers, J. L.
1934, Check list of birds of the world. Cambridge, Mass. vol. 11,
101 pp.
PrescorT, J. A
1931. The soils of Australia in relation to vegetation and climate.
2nd ed. Council Sei. and Ind. Res. Bull., §2:1-82,
1944, A soil map of Australia. Clom. Sei. Ind Res. Org. Bull. no. 177.
Ranp, A. L,
1936. Meliphaga analoga and its allies Am. Mus. Novit., no. 872:1-23.
RipLEY, S. D.
1942, A review of the species, Anas castanca, Auk, 59:90-99.
SCRIVENOR, J. B., T. H. BUrkiLL, M. A, Snmrrm, A. S. T. Corer, 11 K. AIrY-
sHAW, P, W. RicHArDs axDp F. K. ZEUNER
1943. A discussion of the biograplic division of the Indo-Australian
Arehipelago, with criticism of the Wallace and Weber Lines and
of any other dividing lines and with an attempt to obtain uni-
formity in the names used for the diseussions. Proe. Linn. Soe.
London, 154th Sess., 120-165.




KEAST: BIRD SPECIATION IN AUSTRALIA 495

SFERVENTY, D, L.
1951.  The evolution of the ehestnut-shouldered wrens (Malurus). Fani,
51:113-120.
1953. Some speeiation problems in Australian birds. Emn, §3:131-145.
SERVENTY, D, L. Axp H. M. WHITTELL
1951. Birds of Western Australia. 2nd ed. Paterson Brokensha, Perth,
345 pp.
SHARLAND, M.
1945. Tasmanian birds. Angus & Robertson, Sydney, 175 pp.
SPENCER, B.
1898. Report on the work of the Horn seientific expedition to central
Australia. Narrative, Dulau & Co., London, 220 pp.
STRESEMANN, E.
1927-1934.  Handbuch der Zoologie. Sauropsida. Aves. Berlin,
Tare, G. 1L 11
1952, Mammals of Cape York peninsula, with notes on the ocenrrence
of rain forest in Queensland. Results of the Arehbold expedi-
tions. No. 66. Bull. Am. Mus, Nat. Hist.,, 98:567-616.
Tayror, J. K.
1049, Soils of Australia. Chapter in The Australian Environment.
p. 35. Comm. Sci. Ind. Org., Melbourne.
TINDALE, N. B.
1949. New Satyridae of the genus Oreirenica from South Australia
and New South Wales, together with notes on the reeent elimate
of Sonthern Australia. Ree. S. Aust. Mus., 9:143-155.
\WWAKEFIELD, N. A.
1958. The yellow-tufted honeycater with a deseription of a new sub-
speeies, Bmu, 58:163-193.
Woon, J. G.
1949. Vegetation of Australia. Chapter in The Australian Environ-
ment. Pp. 77-96. Cow. Sei. Ind. Res. Org., Melbourne.
1959 The phytogeography of Australia (in relation to radiation of
Eucalyptus, Acacia, cte.). Chapter in Biogeography and Ecology
in Australia. Pp. 291-302. W. Junk, The Hague, pp. 1-640.



